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INTRODUCTION

In  th© past severa l years many In ve s tig a to rs  have shown the im

portance o f tran sm ethy la tio n  reactions in  th e  anim al organism (1)# but 

r e la t iv e ly  l i t t l e  is  known about th e  ro le  tran sm ethy la tio n  plays in  

p la n t metabolism* Experiments recen tly  undertaken by Kirkwood and 

Marion ( 2 ) ,  in  which th ey  attempted to  demonstrate th e  t r a n s fe r  of methyl 

groups from  ohoXln© to  th e  b a rley  p lan t a lk a lo id , hordenine, using rad io 

a c tiv e  t ra c e r  techniques, were unsuccessful* However, In  recent months 

i t  has been shown by Brown (3 )  th a t th© methyl carbon o f methionine may 

be tra n s fe rre d  to  th© methyl group of n ico tin e  in  tobacco (N ic o tla n a  

r u s t ic a ) ,  and i t  was postu lated th a t a transm ethylation  re ac tio n  m s  in 

volved* I t  seemed possib le  th a t tran sm ethy la tio n  reactions might be 

invo lved In  th© metabolism of other p la n t products*

Th© work described here m s  undertaken in  an attem pt to  study th© 

possible r o le  o f transm ethy la tion  in  the  form ation  o f l ig n in  In  the  

p lan t* L ig n in , the  substance chosen fo r  study in  th is  In v e s tig a tio n , is  

a c o n s titu en t of th e  c e l l  m i l  o f p la n ts . Although th© amount of l ig n in  

present in  a p la n t increases as th e  p lan t grows o ld e r , th e re  is  an 

appreciab le  amount present in  com paratively young barley p la n ts .

L ig n in  is  not a d e f in ite  chemical compound, i t s  com position vary in g  

according to  th e  method used In  i t s  is o la tio n *  Hence a g rea t deal Is  

unknown about i t s  chemical s tru c tu re  and i t s  form ation  in  th© p lan t*

Fuchs (4 )  suggested th a t p e c tin , a p a r t ia l ly  m e th y l-e s te r if ie d  p o ly -  

gal& eturonic a c id  fom ed in  p lan t c e l l  w a lls , acts as th© precursor of



l ig n in , sine© i t  had been shown th a t  th e  percent ago of pectins  in  o ld e r,  

l ig n i f le d  p lan t tissues was sm aller than In  young p lan t tissues# However, 

as th e  p la n t ages, whereas th e  percentage of p e c tin  decreases, the  a c tu a l 

amount o f p e c tin  present increases ( 5 ) *  F u rth e r, i t  Is  known th a t in  

l ig n in  th e  methoxyi groups form an e th e r lin k a g e , not an e s te r lin kag e  

such as Is  found in  p e c tin , so a ra th e r  profound chemical change would 

have to ta k e  place i f  l ig n in  were to  fo m  from p e c tin . A more reasonable 

explanation of i t s  appearance was o ffe red  by H lb b ert (6)# On th e  basis  

o f th e  s tru c tu re  o f th e  decomposition products of l ig n in ,  he postu lated  

th a t  a fru c to s e  d e r iv a t iv e  can condense w ith  guai&col in  th e  form ation  

o f lig n in #  Except fo r  a suggestion;, made by Klason ( 7 ) ,  th a t  form alde

hyde can act as a precursor of the  mefehoxyl groups In  l ig n in ,  l i t t l e  is  

known about t h e ir  o r ig in *

Since no s a tis fa c to ry  explanation fo r  th e  appearance of th© methoxyl 

groups in  l ig n in  has been o ffe re d , i t  seamed d es ira b le  to  le a rn  whether 

tran sm ethy la tio n  was involved in  t h e i r  formation# Although In  a l l  

previously  reported tran sm ethy la tio n  studies the  compounds in ves tig a ted  

contained methyl groups attached to  s u lfu r  or  n itro g en  atoms, i t  seemed 

possib le th a t  tra n s fe r  of a methyl group to  an oxygen atom could take  

place , thus forming a methoxyl group*

I t  m s  decided in  the present study* (a )  to  feed b a rle y  p lants  

a p p ro p ria te ly  la b e lle d  methionine and format©, which are  known to  a c t as 

methyl donors or precursors in  th e  animal organism, (b )  to  is o la te  th e  

l ig n in  formed by th© p la n ts , and ( c ) ,  i f  r a d io a c t iv ity  is  found, to  

perform degradations in  order to  determ ine th e  lo c a tio n  of the ra d io -  

act iv i t y  in  the  lig n in #
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S X m i^ J T A L  METHODS

R adioactive Precursors 

The ra d io a c tiv e  tra c e rs  us ad in  th is  work were D, L~meth 1 o ni na con

ta in in g  in  th e  methyl group and th e  sodltm s a l t  o f C ^ “fo m ic  a c id . 

Methionine was synthesised by reactin g  D,I^f>»ben*ylhoatoeyateine w ith  

cl4«. jagrtjhyl io d id e  which was obtained from Tr& oerlab, in c . ,  under 

a llo c a t io n  from  th e  TTalted States Atomic Energy Commission. The form ate  

m s  obtained from Dak Ridge K a tlo m l la b o ra to ry , a lso  under a llo c a tio n  

from  Mae tTnited States Atomic Energy Commission*

P reparation  o f B arley  P lante  

A v a r ie ty  of Ho rd earn vulgar©  known a© Bay b a rle y  m s  used in  th is

in v e s tig a tio n . According to  P h ill ip s  and (foes (8 )  th e  percentage of

methoxyl in  b a rle y  l ig n in  increased a t  the fa s te s t ra te  when th e  p lan ts

were t h i r t y  to  fo r ty  days o ld . i&oDcugall and Do Long (9 )  showed th a t ,

w ith  respect to  l ig n in  co n ten t, n in e ty -fo u r-d a y -o ld  p lan ts  grown in  th e  

greenhouse were a t  about th e  same stage o f m t u r i t y  as fo rty -o n e -d a y -o ld  

plants grown In  th© f i e l d .  Consequently Mi© seeds were p lanted  in  f la t s  

and allow ed to  grow outs ide  th©  greenhous© fo r  about t h i r t y  days . P lants  

o f th is  age were from e ig h t to  tw e lve  inches t a l l ,  v a r ia tio n s  probably 

being due to seasonal e f f e c t s .  A commercial p la n t food m ixture  was fed  

as required in  a w ater s o lu tio n .

Before being fed  th e  ra d io a c tiv e  compounds* th e  p lan ts  were given  

th© fo llo w in g  trea tm en t. A© much o f th e  adhering s o il  as po ssib le  m s



c a re fu lly  removed from th e  roots by shaking* A f te r  soaking in  w ater

f o r  about t h i r t y  minutes, any d i r t  l e f t  on the roots was washed away

under running w ater* To reduce th e  number o f b a c te ria  presen t, th e

roots were soaked in  a 0 .1  percent s o lu tio n  o f Wyandotte detergent

1germ icide Ho* 1528 fo r  about t h i r t y  minutes* Following a r in s e  In  

d is t i l le d  w a te r, the  roots of each p la n t were placed in  25 ml* of an 

inorganic n u tr ie n t s o lu tio n  in  a 50 m l. ilrleraneyer f la s k *  This n u tr ie n t  

s o lu tio n  was prepared by making a 1*3 d ilu t io n  o f th e  stock s o lu tio n , 

th© composition o f which is  given in  Table 1* As a fu r th e r  precaution

TAB 1.8 I

COMFQSITIOH Qp THE FOTKISBT SQUfTIOH

Calcium n it ra te *  €a(M 0g),},l f .
Potassium ch lo rid e* K C I,“ 250 
!.%.gno$iurn s u lfa te *  MgSC^, 250 mg.
Ammonium s u lfa te *  250 mg*
F e r r ic  ch lo rid e* F eC l*, g rag*
Potassium dihydrogen phosphate* KHgPO^, 250 mg.
D is t i l le d  w ater to  1 1*

against b a c te r ia l contam ination, th re e  drops of a one percent s o lu tio n  

o f th e  detergent germ icide were added to  each f la s k .  Each f la s k  also  

contained a s u ita b le  amount o f th e  ra d io a c tiv e  compound being s tud ied , 

as w i l l  be described la te r *

In  th© p lan ts* metabolism o f th e  ra d io a c tiv e  compounds th e re  m s  a
1 A

p o s s ib il i ty  of C Og being lib e ra te d . The p lan ts  wore grown in  a fum©

■j
This m a te ria l m s  obtained fro m , the Wyandotte Chemical C orp ., 
Wyandotte, M ich ., by th e  Michigan S ta te  C ollege H o rtic u ltu re  
Department.

«*4 •«



h o o d ^ In  order to  preheat the contam ination of th® a i r  from th is  source* 

Two 36**inch, 30-•watt flu o res cen t tubes and a 100-w att b u lb , about 15 

inches above th© p lan ts , were used as a source of l ig h t *  A l ig h t  

in te n s ity  of about 800 foot-cand les a t  th© leaves m s  thus obtained* 

During th© feed ing  ©srpsrimenbs, the l ig h t  m s  turned on fo r  about 18 

hours out of 84* The volume of th© nutrienb s o lu tio n  was kep t f a i r l y  

constant by th® a d d itio n  o f d is t i l le d  w ater*

Is o la t io n  o f L ig n in  

D if f ic u l t y  m s  encountered in  th e  is o la t io n  of l ig n in ,  using a 

m o d ific a tio n  o f th© s u lfu r ic  ac id  method of Ost and Wilkoning (1 0 )*  In  

th is  method the  d ried  p lan t tissue  m s  put in to  70 percent s u lfu r ic  acid  

f o r  16 hours a t  80° C* o r less* The s u lfu r ic  ae id  m s  then d ilu te d  to  

about th re e  p ercen t, th e  m ixture m s  hydrolyzed fo r  two hours a t  100° C *, 

and f i l t e r e d ,  l ig n in  being th© p re c ip ita te  obtained* Tifhen th is  method 

m s  used w ith  th ese  young p la n ts , i t  appeared th a t complete w e ttin g  by 

th e  s u lfu r ic  acid  m s  not achieved* I t  m s  f e l t  th a t an ext m e t I  on o f 

th e  f a t t y  m a te ria l from th e  t is s u e  would perm it complete contact by th e  

s u lfu r ic  ac id * However, a f t e r  an e th er ©attraction m s  performed on th©  

t is s u e , th e  percentage of A lignin '* present m s  s t i l l  found to  b© about 

thro© times as h igh as th a t reported in  th e  l i t e r a t u r e  In  work done w ith  

comparable plant© ( 8 ) *

MacDougall and 0© Long (9 )  found th a t th© absolute methoxyl content 

of l ig n in  from d ried  p lan t tissues  m s g rea te r 1han th a t of l ig n in  from  

fres h  tissues o f th e  same p lan ts * They thought th a t th is  m s due to  the

- 5 -



in c lu s io n  of mefchoxyl-containing carbohydratss in  l ig n in  from th© dried  

tissues# Th© fresh  p lan ts  used in  th© present work were p re -tre a te d  

b e fo re  p lac ing  In  contact w ith  th© sulfux‘io  acid# This treatm ent con

s is te d  o f ex trac tio n s  in  a Waring Blendor using various so lven ts , as 

suggested by -%cDoug&ll and De bong (11)# Ether-saturat@ d w ator was 

b e lieved  by them to  be the  best non-acid solvent fo r  removal o f n itro g en -  

contain ing m a te ria l from  young undried tissues# A f iv e  percent s o lu tio n  

of a c e tic  a c id  m s found e f fe c t iv e  in  removing carbohydrates from young 

tissue#  A co n s tan t-b o ilin g  ( 1*2 )  m ixture of ethanol and bensene m s  used 

as a so lvent f o r  f a t t y  m ate ria ls  present In  th e  tissues# Accordingly, 

in  the present work, a pr©treatment o f th e  p lan t tissues  was adopted#

Th© fo llo w in g  ex trac tion s  were performed on th e  tissues  in  a Waring 

Blendort two 15 -mi nut© extractions w ith  e th er-sa tu ra ted  w ater, one 2 0 - 

minute e x tra c tio n  w ith  f iv e  percent a c e tic  a c id , two 15-minute ex trac tion s  

w ith  1*2 ethanol-bem ene# A s u ita b le  qu an tity  of 70 percent s u lfu r ic  acid  

m s  added to  th e  dried  f ib e r  obtained a f t e r  carry ing  out th e  above 

procedure and the reac tio n  m ixture allowed to  stand fo r  about 16 hours a t  

f iv e  degrees C# This was don© in  the cold because i t  had been shown th a t  

carbon isation  o f hydrolysed carbohydrates takes p lace a t  h igher tempera

tu re s , causing d i f f i c u l t y  in  th e  subsequent f i l t r a t i o n  and producing an 

impure l ig n in  p reparation  ( 12) *  At th© end of 16 hours, the s u lfu r ic  ac id  

was d ilu te d  to  th ree  p ercen t, b o iled  g en tly  fo r  two hours, keeping th© 

volume constant by adding w ater, and allowed to  oooij th® l ig n in  s e t t l in g  

out* The l ig n in  was then  f i l t e r e d ,  using a f r i t t e d  glass f i l t e r ,  washed



thoroughly, and d rie d  in  a vacuum des iccator a t room tem perature. The 

l ig n in  content of p lan ts  th is  age m e found to  be about 4 .5  percent on a 

dry w eight b as is .

Demefchylation o f L ig n in

To prove th a t any ra d io a c t iv ity  found in  th© l ig n in  m s  lo cated  in  

th e  methoxyl carbon, i t  was necessary to  s p l i t  o f f  th e  methyl group and 

o b ta in  I t  in  th e  fo r a  o f a s o lid  d e r iv a tiv e  s u ita b le  f o r  counting*

A m o d ific a tio n  o f th e  method o f P h il l ip s  ( 1 3 ) ,  In  which th e  methoxyl group, 

tre a te d  w ith  hyd rio d ic  a c id , y ie ld s  methyl io d id e , was used* In  th is  

method th e  methyl io d id e  is  caused to  react w ith  s i lv e r  n i t r a te  and the  

p re c ip ita te  o f s i lv e r  io d id e  is  weighed* However, sine® in  th© present 

work i t  m s  necessary to  recover th e  methyl group, th© methyl io d id e  

formed was swept in to  a s o lu tio n  of t r i  e th y l amine* Previous work done in  

th is  lab o ra to ry  showed th a t trie th y lam in ©  reacts q u a n tita t iv e ly  w ith  

methyl io d id e  to  form methyl t r  1 ethylammonium io d id e* T rie th y lam iae  is  

also  less v o la t i l e  th an  trimethylamine,vhkh:Was used by Simmonds and co~ 

woikers (14)*

A m odified form of the apparatus described by Pregl (15,  3 )  m s  used 

fo r  dem ethylatlon* About 60 mg* of the  l ig n in  to  be d ©methylated was 

weighed in to  c ig a r e t te  paper and placed in  th e  re ac tio n  vessel w ith  two 

ml* o f phenol, which acted as a solvent fo r  the  l ig n in ,  and fo u r ml* of 

47*3 percent hyd rio d ic  a c id * Attached to  th is  was a gas-washing bubbler 

conta in ing  1*5 ml* o f th e  f iv e  percent CdSO^-WsgSgO  ̂ s o lu tio n  recommended 

by F reg l to  remove th e  h ydrio d ic  acid  and io d in e* A tube  from the



bubbler le d  to  th© rece iv ing  v e s s e l, which contained a f iv e  percent solu

t io n  of tr lo th y la m ia ©  in  ethanol, cooled in  a methyl eolloGolvo-COg bath  

to  about -7 5 °  0*

During demobhylatlon th e  re a c tio n  f la s k  m s  issuersed in  a copper 

oxide bath* A stream o f n itro g en  was s low ly  run through th© side-arm  o f  

th e  re a c tio n  f la s k  and through th e  dem ethylation assembly* Stxperimeaitation 

showed th a t  best re su lts  wore obtained when th© tem perature of the bath  

m s  kep t a t  about 150° C* fo r  45 m inutes, then raised to  200° C* and he ld  

th e re  f  or 30 minutes* The bath m s  allowed to  cool f o r  15 m inutes, during  

which tim e a fa s te r  stream of n itro g en  was passed through th e  apparatus.

At th is  tim e th e  t i n  o f th e  d e liv e ry  tube was rinsed w ith  ethanol in to  th e  

rece iv in g  vesse l* This vessel was then stoppered and allow ed to  stand  

overn igh t a t room tem perature* The ethanol s o lu tio n  m s  taken almost to  

diyness by h e a tin g , the la s t  tra c e  o f ethanol and unre&eted amine removed 

In  a vacuum d e s ic ca to r, and a w h ite  s o lid , th e  methyl trlethylai®aoniuia  

io d id e , remained* This was weighed and tested  fo r  ra d io a c t iv ity *

A methoxyl ana lys is  o f l ig n in  from th ir ty -d a y -o ld  b a rley  p lan ts  was 

made and th e  methoxyl content of th e  l ig n in  m s  found to  be about s ix  

percen t, vary ing  s l ig h t ly  from  one run of p lan ts  to  another* I t  seemed 

d e s ira b le  to  know i f  q u a n tita t iv e  demefchylation m s  e ffe c te d , so do- 

m eth y la tio n  o f v a n i l l in ,  a compound o f known methoxyl coizfcont, was 

performed* This produced a 95 p ersert recovery o f the methoxyl group

as the  quaternary compound under th e  conditions used. Assuming th a t  a

s im ila r  s itu a t io n  m aintained In  l ig n in ,  th is  f ig u re  m s  used as a

c o rre c tio n  fa c to r  In  subsequent determ inations*



D eterm ination o f R a d io a c tiv ity  

A l l  count;® w r a  made using a Model 163 Scaling U n it manufactured fey 

Hu c l oar Instrum ent and Chemical Corporation* By re fe r r in g  to  a s e l f -  

absorption  curve prepared fo r  th e  substance feeing counted, a l l  counts made 

were corrected to  sero sample th ickness* The e n s iles  were counted on 

aluminum discs 3*83 square cm* in  area* The d isc  contain ing th e  sample 

was placed #n the  top  s h e lf  o f th e  counter assembly o f th e  S ca ler U n it*  

Based on th e  measured a c t iv i t y  o f  a  standard C*^ cample o f known a c t iv i t y ,  

th® o v e r -a l l  e ff ic ie n c y  was found to  fee 8*79 percent*
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RESULTS

Experiments Using D,L-Methlonin©

I t  has been known f o r  some tim e th a t  methionine can ac t as a methyl 

donor in  th© anim al ( 1 ) *  K e l le r  and co-workers fed  m ethionine which m s  

doubly la b e lle d  in  th© methyl group w ith  carbon-14 and deuterium  to  ra ts  

and Is o la te d  ch o lin e  and c re a tin e  from the  ra t  tissues  ( 16) *  W ith in  

experim ental e rro r , the  r a t io  o f deuterium  to  carbon-14 in  methyl groups 

o f cho line  and c re a tin e  m e  found to  b© th e  same as th a t  In  th e  methyl 

group o f the d ie ta ry  m ethionine, proving th a t m ethionine acts as a tru e  

transmsfchylating agent* Brown has shown th a t  th e  carbon o f th e  methyl 

group o f methionine can be tra n s fe rre d  to  the  methyl group o f n ic o tin e  

in  th® tobacco p la n t*  Thus i t  appeared reasonable th a t m e th y l-la b e lle d  

m ethionine oould g ive  r is e  to  the  methoxyl groups of l ig n in ,  and i t  was 

decided to  feed th is  compound to  th© plants#

An attem pt was made to  feed m ethionine to  th© p lan t by immersing th©  

roots In  a n u tr ie n t s o lu tio n  contain ing m ethionine, thus a llow ing  absorp

t io n  to  take  place through the  roots* Analysis o f th e  so lu tio n  was 

necessary to  determine th© rat©  of uptake o f m ethionine by th© p lan t and 

also  whether d e s tru c tio n  of th© methionine by b a c te ria  was tak ing  p lace . 

The c o lo rim e tr ic  method o f ana lys is  used measured th© red co lo r produced 

when m ethionine reacts w ith  n itro p ru s s id e , as described by McCarthy and 

S u lliv a n  ( 1 7 ) .

la  oh of s ix  b a rley  p lan ts  m s  fed  two nog. o f m ethionine in  25 m l. of 

n u tr le n t s o lu tio n  which contained th ree  drops o f th© one percent detergent
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germ icide so lu tio n *  A fter  fo r ty -e ig h t  hours th® p la n ts  wore removed from  

th e  so lu t io n  and a n a ly s is  f o r  m ethionine m s  made* I t  m s  found th a t  In  

two days the average uptake par p la n t o f m ethionine from s o lu t io n  m s  70 

p ercen t o f th e  two mg. o r ig in a l ly  present* Wo b a c te r ia l  growth m s  

observed in  th e  medium w ith in  t h i s  tim e* As a  fu r th e r  check o f  b a c te r ia l  

a c t i v i t y ,  samples o f  th e  n u tr ien t medium were in o cu la ted  w ith  root 

fragments* A fter  fo r ty -e ig h t  hours no d ecrease  m s  nobed in  th e  amount 

o f m ethionine present* compared w ith  t h e  uninooul&hed con tro ls*

P la n ts which bad been prepared in  th e  manner p rev io u sly  d escrib ed
n

were fed  r a d io a c t iv e  m ethionine* S&oh f la s k  contained  2*01 % 1 0 ~ * moles 

o f  m ethionine p o ssessin g  a  t o t a l  a c t iv i t y  o f  S*6 x 10® counts p er m inute 

{e#p*m*) and th ree  drops o f  th e  on# percent d etergen t germ icide s o lu t io n  

in  25 ml* o f  n u tr ien t so lu tio n *  The p la n ts  were grown in  th e  s p e c ia l ly  

designed  bbed under a r t i f i c i a l  l ig h t  a t  roost tem perature fo r  seven  days* 

m  mentioned e a r lie r *  At th e  end o f t h i s  tim e no b a c te r ia l  growth was 

observable* As a fu r th er  t e s t  of m ethionine uptake by th e  p lants*  

r e p lic a te  samples o f  th e  n u tr ien t s o lu t io n  were evaporated t o  diynosg  

a f t e r  removing ih #  p la in s  a t  th© end of seven  days* Only a sm a ll amount 

o f  r a d io a c t iv ity  m s  d e te c ta b le  in  th #  res id u e , in d ic a tin g  alm ost com plete  

ab sorption  o f m ethionine by th e  p lants*

The ro o ts  o f  th #  plumbs were removed am! th e  remaining part o f  th #  

p la n ts  g iv en  th# p rev io u sly  d escribed  so lv en t e x tr a c tio n  suggested  by  

MaeDougall and 0# bong* b ig n in  m s  is o la te d  from th e  remaining f ib e r  by  

th #  W  percent s u lfu r ic  a c id  method* A fter  h y d r o ly s is , f i l t r a t i o n  and 

washing, th #  l ig n in  obtained  p ossessed  co n sid era b le  r a d io a c t iv ity  as

-1 1



determined w ith  a lab o ra to ry  m onitor* Is  order to  bring  the rad io 

a c t iv i t y  o f  th e  l ig n in  in to  a rang© which could be ©ousted w ith  th© S c a le r

C hit#  i t  was necessary to  d i lu te  th e  ra d io a c tiv e  1 ig n is  w ith  from  s ix  to  

te n  times i t s  own w eight o f in a c tiv e  l ig n in  obtained from s im ila r  p lan ts  

n ot fe d  ra d io a c tiv e  m ate ria l#  A weighed amount o f  about 60 mg* o f l ig n in  

m s  placed on a counting die© and counted as o u tlin e d  p rev io u s ly*

The same sample o f l ig n in  used fo r  counting m s  used f o r  dom ethylatlon* 

H ad !© activ ity  m s  found in  the quaternary compound obtained from dem ethyl- 

a t  io n  of the lig n in #  Since l ig n in  is  not a chemical compound# th e  

s p e c ific  a c t iv i t y  ©ou!& not be expressed# as is  customary# on a m olar o r

m lllim o l& r bas is* Henc© I t  became necessaiy to  express a c t iv i t y  on a

recovery o f counts bas is ; th a t Is# by a comparison of th© to ta l  a c t iv i t y  

o f the  <$s a t or nary compound obtained from a c e rta in  amount o f l ig n in  w ith  

th© t o t a l  a c t iv i t y  o f th e  l ig n in  used* A sample c a lc u la tio n  is  shown 

t i l  the Appendix* Recovery o f counts obb&lmd from l ig n in  Is o la te d  In  two 

experiments is  shorn in  Table I I *

TABUS I I

ymvLxmim $xmamw?&

' SperiaiM Et
Ho*

oSairv’S f A c t iv ity  
(©cunts per m inute) 

M g n in  Quaternary Io d id e

Per©©at pieoovery 
of Counts

1 (24 p la n ts ) em 989 99*0
46? 662 92*9

2 (24  p la n ts ) 710 979 90 .6
866 864 89*6
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Th@s@ data show th a t p r a c t ic a l ly  a l l  o f th© a c t iv i t y  found in  iho  

l ig n in  is  recovered in  th© quaternary compound obtained upon deroathylation  

under th©  conditions used. This would in d ic a te  th a t  th e  a c t iv i t y  in  th e  

l ig n in  is  located  in  th© methoxyl group* V a r ia t io n  in  th© percentage  

recovery between experiments may be noted* I t  was g e n e ra lly  found in  

these experiments th a t  recovery of counts from l ig n in  is o la te d  from  

p lan ts  grown a t  lower tem perature (2 0 °  C«) was la rg e r  than  th a t from  

p lan ts  grown a t  h igher tem perature (2 5 -3 0 °  C .}*  but no exp lanation  fo r  

th is  observation is  apparent*

O xid ative  Degradation Products o f L ig n in

L ig n in  is o la te d  from  b arle y  p lan ts  by th e  usual procedure was 

analysed f o r  n itrogen* using the miero-IC^©1 dahl method* Th© n itro g en  

©outenb was about 2*4 percen t, a v a lu e  lower than th a t obtained from  

most l ig n in  preparations* However* th© p o s s ib il i ty  escistcd th a t  th is  

nitrogen was present in  th e  form of p ro te in  and th a t  th e  r a d io a c t iv ity  

observed in  the l ig n in  was due to  the  presence of methionine In  th e  

p ro te in * To determine d e f in i te ly  mi e ther or not th© a c t iv i t y  found was 

associated w ith  nitrogenous compounds* an attem pt m s  made to  is o la te  

v a n i l l in ,  syringaldehyd% and s im ila r  n ihrogen-f roe d e riv a tiv e s  formed 

by o x id atio n  o f l ig n in  w ith  a lk a lin e  nib rob ©ms ©nc* and to  te s t  them fo r  

ra d io a c t iv ity *

To ca rry  pu t th is  re a c tio n , about 145 mg* o f l ig n in  Is o la te d  from  

p lan ts  fed  ra d io a c tiv e  methionine were placed In  a s ta in le s s  e te e l bomb 

w ith  one m l. o f nitrobensen© and 18 m l. o f FaOH (2 0 ) . Th is  was heated  

a t  130*5 C** w ith  a g ita t io n *  fo r  about th ree  hours. A fte r  c o o lin g , th e
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a lk a lin e  re a c tio n  m ixture mis steam d is t i l le d  to  remove nitrogenous  

products# The f i l t r a t e  -was a c id if ie d  to  pH 3 and th e  re s u lt in g  m ixture  

continuously extracted  w ith  benzene fo r  48 hours* The benzene s o lu tio n  

was extracted  te n  times w ith  15 ml* portions of aqueous f iv e  percent 

NaHSOg s o lu tio n * Th© b is u l f i t e  e x tra c tio n  was a c id if ie d  w ith  th re e  m l. 

o f concentrated s u lfu r ic  ac id  and th e  s o lu tio n  freed  from s u lfu r  

d io x id e  under reduced pressure a t  room tem perature (2 1 )*  This s o lu tio n  

wbm th en  extracted  s ix  times w ith  15 ml* portions o f e th y l e th e r and th e  

eth er was then  ©sraporated a t  60° C# (2 2 )*  The residue was extracted  

w ith  hot w ater* f i l t e r e d *  and mad© up to  30 ml* D u p licate  10 ml* 

a liq u o ts  o f th is  s o lu tio n  were used fo r  m icro -K je ldah l n itro gen  de

te rm in atio n s* W ith in  the experim ental e rro r o f th e  determ ination  no 

n itro g en  was found* Th© aldehyde m ixture was p re c ip ita te d  from th© re s t  

o f th©  s o lu tio n  using 2 ,4 -d ittitro p h en y lh yd raz in e* Th© p r e c ip ita te  was 

allowed to  stand o ve rn ig h t, f i l t e r e d ,  d ried  and counted* Th© phenyl- 

hydrazon© m ixture  possessed a s p e c if ic  a c t iv i t y  o f 88 c*p*m* per mg. 

C alcu lated  as v a n i l l in ,  th is  would g iv e  a s p e c if ic  a c t iv i t y  o f 192 c*p.m* 

per mg* Th© s p e c if ic  a c t iv i t y  o f th© l ig n in  used fo r  o x id a tio n  by 

nitrobenzene was s i so about 190 c .p ,m , per mg,

J&rpcri manta Using Formate 

Recent experiments show th a t form ate, o r  a one-carbon compound 

designated as "form ate* appears to  p lay  a r o le  in  tran sm ethy la tio n  re 

actions* There a re  two possib le  ways in  which th is  compound could e n te r  

such reac tio n s * Formate mny a r is e  from the o x id a tio n  of methyl groups 

and in  some m nner a c t d ire c t ly  as a laethylsitirig agent, or i t  may be
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reduced to form  a methyl group* which is  then tra n s fe rre d * S iek e v its *  

et &1. ( IP, ), have shown th a t * in  th e  an im al, th© methyl group o f 

m ethionine may g ive  r is e  t o  form ate* On th© o ther hand* according to  

Welch and S&kaml (1 9 ) ,  form ate can be reduced to  form th e  methyl group 

o f m ethionine in  ■fee animal organism.

Two groups o f p lan ts* as c lose ly  s i mi la r  as possib le* were grown 

in  n u tr ie n t s o lu tio n  under th e  same co nd itio ns , on© group being fed  

methionine and th© o th er formate# By comparing th©  a c t iv i t ie s  o f l ig n in  

is o la te d  from  th© two groups of p lan ts  i t  m s  hoped to  o b ta in  evidence as 

to  whether methionine or format© acts as th© more d ire c t precursor of th e  

mefehoxyl groups o f l ig n in *

Ho a n a ly t ic a l method could be found whldi would g ive  accuracy 

comparable to  th a t achieved In  the method used fo r  th e  determ ination o f 

m ethionine. TXpon removal of th e  p lan ts  from th e  n u tr ie n t s o lu tio n  a f te r  

th© seven day period# th© contents of severa l o f th e  fla s k s  were 

evaporated to  dryness* N e g lig ib le  ra d io a c t iv ity  was found in  the  

residues* Ho b a c te r ia l growth m s  observed In  th© f la s k s , even a f te r  

©even day©* I t  m s  concluded th a t p ra c t ic a l ly  complete absorption o f  

fo rm t©  by th e  p lan ts  had taken p lace  w ith in  th is  tim e .

The p lan ts  were fed form ate under the  same conditions th a t  were 

m aintained in  th© m ethionine experiments* The fla s k s  each contained th© 

n u tr ie n t s o lu tio n * detergent gem ie id©  and 1*99 x 10"® moles o f form ate, 

having a t o t a l  a c t iv i t y  o f 7*2 x 10® o.p*m* The molar concentration  was 

th e  same as th a t  of m ethionine— th e  a c t iv i t y  double* As b e fo re , the  

p lan ts  were allowed to  grow in  the s o lu tio n  fo r  seven days.
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As prev iously  described, the p lan ts  were processed and l ig n in  

is o la te d  by th e  70 percent s u lfu r ic  a c id  method* The ra d io a c tiv e  l ig n in  

obtained was counted and demobhylated, and th e  quaternary compound formed 

was counted* The re s u lts  obtained using two groups o f p lan ts  a re  shown 

in  Table I I I .

TABLE X I I  

FORMATS EXPERIMENTS

Experiment
Ho.

Observed A c t iv ity  
(counts p er minute) 

L ig n in  Quaternary Io d id e

Percent Recovery 
of Counts

1 (25 p la n ts ) 243 283 71.7
241 256 69*8

2 (26 p la n ts ) 529 412 66.8
181 212 64*8

I t  can be seen th a t  most o f th e  a c t iv i t y  found in  th e  l ig n in  was re

covered by demethyl a t io n , showing th a t  i t  m s  present in  the methoxyl 

group* The v a r ia t io n  between th e  two runs reported here  may again  be due 

to  d iffe re n c e  in  tem perature a t  which the p lan ts  were grown, although  

th is  was sm alle r h ere  than in  th e  m ethionine experiments*

As s tated  e a r l ie r ,  a oou^arlson o f th e  a c t iv i t ie s  o f l ig n in  obtained  

from  p lan ts  fed  methionine and th a t from p lan ts  fed  format© was mad©*

T o ta l a c t iv i t ie s ,  m olar q u a n titie s  adm inistered per p la n t and th e  s p e c if ic  

a c t iv i t ie s  of ih© l ig n in  is o la te d  from each group o f p lan ts  a re  g iven  in  

Table IV .  Th© s p e c if ic  a c t iv i t y  of l ig n in  obtained a f t e r  adm in is terin g
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TABLE IV

COMPARISON OP ACTIVITIES OF LIGFTN FROM PLANTS FED ?®?HIONIKE
AND THOSE FED FORMATE

Group Compound Moles Given T o ta l A c t iv ity  S p ec ific  A c t iv ity
No. Administered per P lant Given of L ig n in

per P lant

1 Methionine S .01 x 10**5 3*6 x lO^c.p.m* 385 o*p.m*/mg*

2 Format© 1.99 x 1 0 -B 7*2 x I0^c#p*m* 29.2 o*p*m*/mg*

m ethionine was about th ir te e n  times as high as th a t obtained, in  the

format© e&perlment* The molar concentrations of methionine and format©

adm inistered were th e  ©am©, but the  a c t iv i ty  o f th e  form ate m e  tw ice  as
1 4 -great# Considering t h is ,  i t  appears th a t i f  C methyl m ethionine is  

fed  to  b arley  p lan ts , th© s p e c ific  a c t iv i t y  of Hi© l ig n in  is o la te d  is  a t  

le a s t  one order of magnitude higher than th a t obtained a f t e r  feeding  

C ^ - fo r a a te ,  a l l  conditions being kept as n early  th e  same as possib le in  

th© experiments*
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DISCUSSION

I t  is  demonstrated in  those experiments th a t th e  methyl carbon of 

m ethionine can act as th e  precursor of the  methoxyl carbon of l ig n ln  

produced by b a r le y  p lan ts  in  v iv o * The re s u lts  obtained g ive  a strong  

in d ic a tio n  th a t a tran sm ethy la tio n  re ac tio n  is  involved* In  order to  

prove conclu s ive ly  th a t  such a re ac tio n  has occurred, i* © * ,  th a t th e  

methyl group is  tra n s fe rre d  in ta c t ,  i t  w i l l  be necessary to  conduct ex

perim ents using m ethionine doubly la b e lle d  w ith  carbon-14 and deuterium  

in  the m ethyl group* Such experiments w i l l  soon be undertaken in  th is  

lab o ra to ry * I f  a t ru e  transm ethylation  is  proven, th e  f i r s t  instance o f 

tran sm eth y la tio n  to  an oxygen a tm  w i l l  be established*

Formate can a lso  act as precursor o f the  methoxyl group of l ig n ln  

but to  a le s s e r exten t than th e  methyl group o f m ethionine* The lower 

s p e c if ic  a c t iv i t y  o f the l ig n ln  obtained from plants fed  form ate as com

pared w ith  those fed  m ethionine in d ica tes  th a t th e  methyl group o f  

methionine is  tra n s fe rre d  as such and does not go through a process of 

o x id a tio n  to  form ate and subsequent reduction* I f  th e  l a t t e r  were tru e ,  

th e  l ig n ln  from  p lan ts  fed  format© would have a t le a s t as high a s p e c if ic  

a c t iv i t y  as th a t  from plants fed  methionine* From these resu lts  i t  would 

also appear th a t form ate is  not tran s fe rred  as such and then reduced* 

Although Welch and Sakaml found th a t f  ormate may be reduced to  th e  methyl 

group o f m eth ion ine, ih e  exact manner in  ishich Hi is  takes place is  not 

known, but th e re  is  some evidence th a t the  reac tio n  takes place v ia  

s e rin e , ©thanol&mine, cho line  and befcain© (2 3 )*  I t  is  conceivable th a t

—IB —



cho line  and betain©  act as mefchyl&ting agents in  th e  form ation o f l ig n in ,  

m ethionine not necessarily  being fom ed befor© traxisrnothylatlon takes  

p lace* W hile most o f th e  form ate p2*esent in  th© p lan t probably Is  oxid ised  

to  carbon d io x id e , i t  seems possib le th a t  some could be reduced to  methyl 

groups and involved in  mefchylation reactions*

I t  Is  not known why, in  dem ethylation of l ig n ln  from p lants  fed  

fo rm ate , a low er recovery o f counts is  obtained than  from l ig n in  formed 

by p lan ts  fed  m ethionine* In  several th e o rie s  o f l ig n in  form ation carbo

hydrates a re  named as l ig n ln  precursors* Sakaml (2 3 ) has shown th a t  

form ate and g lyc in e , through se rin e , form pyruvate* This pyruvate could 

g iv e  r is e  to  carbohydrates, from which l ig n in  might conceivably be formed* 

The l ig n in  formed would v e ry  l ik e ly  possess ra d io a c t iv ity  from  th e  form ate  

In  positions e th e r  than methoxyl groups, subsequent demebhyl&tioa of th e  

l ig n in  g iv in g  a low er recovery of ra d io a c tiv ity *  This is  a possible  

explanation  of th e  low re s u lts  obtained*

Elwyn and co-workers found th a t in  the synthesis of methyl groups 

from  serin e  t h e jB -carbon does not go through th e  o x id a tio n  le v e l of 

form ate* The fS -carbon o f serine  has an o x id a tio n  s ta te  midway between 

th a t  o f format© and a methyl group* Hence i t  might be expected, i f  the  

l a b i le  methyl group were to  be oxid ised to  th is  stage and then  reduced 

again  to  a m ethyl group, th a t  the  s p e c if ic  a c t iv i t ie s  o f l ig n in  from  

p lan ts  fed format© and those fed  methionine would b© of about th e  same 

order* Since th e  d iffe re n c e  in  s p e c if ic  a c t iv i t ie s  is  so la rg e , i t  would 

seem lo g ic a l th a t  th e  methyl group is  tran s fe rred  w ithout th is  o x id a tio n  

and reduction* This aspect could b© fu r th e r  in ves tig a ted  by feed ing  th e
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plants la b e lle d  serin e  and comparing th e  a c t iv i t y  of the  l ig n in  from  

these p lan ts  wi th th a t from p lan ts  in  th e  form ate and methionine 

experiments*

In  suoh a comparison as th a t  made between lig n in  from plants fed  

m ethionine and form ate* severa l com plications may arise# In  order th a t  

a f a i r  comparison can be mad© i t  is  necessaiy# among o th er fa c to rs *  

th a t  th e  ra tes  o f uptake of chemicals fed  be about the  same and th a t  th e  

s i 2 © of th e  pools o f these chemicals in  the p lan t remains ra th e r  constant# 

I t  is  possib le  th a t  a v a r ia t io n  In  thes© fa c to rs  could appreciab ly  a f fe c t  

th e  re s u lts  and conclusions. However* the conditions were kept as 

constant as possib le* and sines a d iffe re n c e  in  s p e c ific  a c t iv i t ie s  of 

mor© th a n  one order of magnitude m s  observed# these conclusions appear 

to  be v a l id *

The re s u lts  obtained in  the present study d i f f e r  g re a tly  from those  

of Kirkwood and Marion# They found th a t  ra d io a c tiv e  format© fed  to  

b a rle y  p lan ts  m s appreciab ly  incorporated in to  the methyl groups of 

hordenlne* but th a t  ra d io a c tiv e  methyl groups of choline fed to  th©  

plants war© not* In  th is  lab o ra to ry  Wing (2 4 ) found th a t ,  in  24 hours* 

an extensive  d es tru c tio n  o f cho line  in  n u tr ie n t s o lu tio n  inoculated  

w ith  root fragments had taken  p lace* in d ic a tin g  b a c te r ia l a c t iv ity #

Since th e  above authors make no mention of precautions taken against 

b a c te r ia l growth# i t  seems probable th a t  th e  eholine was destroyed by 

b a o te r ia l a e tio n  be fo re  i t  Gould be absorbed by th e  plants#

That th©  ra d io a c t iv ity  was present in  th e  mebhoxyl group and not In  

m ethionine o r any o ther nitrogenous component m s  proved by p re c ip ita t in g
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aldehydes formed upon o x id a tio n  of l ig n ln  as 2 * 4-din itrophenylhvdraaones  

from a n ibrogen-fr© o s o lu tio n . For a convenient basis of comparison* 

th e  a c t iv i t y  found in  th® phenylhy&mson© m ixture was ca lcu la ted  as 

s p e c if ic  a c t iv i t y  of v a n i l l in  and th is  was found to  b© on the same order 

as th a t  o f th e  l ig n ln  which m s  oxidized# I f  much of th e  ra d io a c t iv ity  

in  the l ig n in  were associated w ith  th e  n itro g en  presen t, th e  s p e c if ic  

a c t iv i t y  of th e  v a n i l l in  would be appreciably  lower than  th a t o f the  

l ig n in  used fo r  oxidation#

Th© re su lts  o f the present study g ive  evidence th a t  in  II* vulgar®  

tran sm eth y la tio n  is  invo lved in  form ation o f l ig n in *  Although th e re  Is  

evidence to  d isprove £h@rebovf s statement th a t  l ig n i f ic a t io n  Is  merely 

an accumulation o f methoxyl groups or a proc©as o f m ethylation  (25)# i t  

is  probably tru e  th a t most th eo ries  o f l ig n in  form ation do not p lace  

due emphasis upon the importance of th e  ro le  transm ethylation  m y  p lay  

in  th e  process* Evidence fo r  d ire c t m ethylation  appears to  be more 

convincing than th a t supporting Klasonf s theory th a t formaldehyde acts  

as th e  precursor o f mefchoxyl groups* Before th© process o f l ig n in  

fo rm ation  is  understood thoroughly a great deal more experimental work 

is  necessary* "Tore l ig h t  could probably be dried on th© problem by 

feed ing  p lan ts  carbohydrates la b e lle d  in  the  carbon chain and /or in  

mefchoxyl groups* D eterm ination of th© lo c a tio n  of r a d io a c t iv ity  In  

l ig n in  synthesized by these p lan ts  would g ive  a fu r th e r  in d ic a tio n  o f 

th e  manner in  which th© l ig n in  is  produced#

•*21**
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R ad ioactive  m ethionine m s  adm inistered to barley  p lan ts* L ig n in  

is o la te d  from these p lan ts  possessed ra d io a c tiv ity #  Degradation  

showed th a t  p r a c t ic a l ly  a l l  o f th is  a c t iv ity  m s  located  In  the 

mothoxyl groups*

L ig n in  w ith  a low er le v e l o f ra d io a c t iv ity  m s  a lso  Is o la te d  from  

b a rle y  p lan ts  which had been fed ra d io a c tiv e  form ate* Most of th is  

a c t iv i t y  was found in  th e  msthoxyl p o s itio n *

On th e  basis o f these re s u lts  I t  is  postu lated th a t  th e  methyl group 

Is  tra n s fe rre d  as an e n t i ty ,  w ithout o x id a tio n  and reduction ta k in g  

place* I t  Is  fu r th e r  postu la ted  th a t  form ate, as such, is  not tran s 

fe r re d , bu t th a t  reduction  to  a methyl group is  f i r s t  undergone*
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APPENDIX

Th© fo llo w in g  forcmala was used fo r  th e  c a lc u la tio n  of percentage 

recovery of counts*

Cc (q u a t#) /
% recovery * ____n.r  a .....X..... 1Q.Q.. , , , x 200,

C0 ( l i g n i n ^  x  9g

where Cc ( quat , )  9 observed count of quaternary compound (c#p#m#)

a » f r a c t io n  o f xaaximm s p e c ific  a c t iv i t y  a t sample th ickness  
used— from s e lf-a b s o rp tio n  curve fo r  quaternary compound,

C0 ( l ig n in )  *  observed count o f l ig n in  (c#p#m«),

b 3S f r a c t io n  of maximum s p e c ific  a c t iv i ty  a t sample thickness  
used— from s e lf-a b s o rp tio n  curve fo r  l ig n in ,

jy?S -  c o rrec tio n  fa c to r ,  based on 95^ recovery o f methoxyl 
groups from v a n i l l in .

Sample ca lcu la tio n s

Co (q u a t * )  *  741 c.p#m*

a » #584

CQ ( l ig n in )®  467 c#p*m« 

b n #525

% recovery *  i f Z ~ ~ ------2------i2 2 ---- x  100 = 92.
^6V *3 2 S  x 95


