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Table I I  
hlcidence of tail and grasp reflexes in 50 normal rats resembling 

those seen after Morphine or Reserpine 

Weight in g 

25-54 
25-°54 
55-99 
55-99 

100-249 
100o-249 
250-580 
250-580 

Sex 

M 
F 
M 
F 

M 
F 

No. 

6 
2 
3 
5 

10 
4 

15 
5 

Tail Grasp 

down I up reflex 

4 

1 
1 1 

4 

We are grateful to CIBA Laboratories for supplying Reserpine. 

J .  COLE a n d  D. P.  DEARNALEY 

University Laboratory o/Physiology and University De- 
partment o/Biochemistry, Ox[ord, October 9, 1959. 

Zusammen/assung 

C h a r a k t e r i s t i s c h  ve r s ch i edene  S c h w a n z s t e U u n g e n  zei- 
gen  A l b i n o - R a t t e n  u n d  -M~iuse als  M o r p h i u m -  bzw.  Re-  
s e rp in r eak t i on ,  Verst~irkte  S c h w a n z r e a k t i o n e n  e rhg l t  m a n  
bei  d e r  Maus  n a c h  M o r p h i u m ,  bei  d e r  R a t t e  n a c h  Rese r -  
pin.  M e t h y l p h e n i d a t  e rweis t  s ieh be i  de r  R a t t e  a n t a g o -  
n i s t i seh  gegen  Rese rp in ,  w~ihrend im M~tuseversuch n a c h  
R e s e r p i n  in j i z i e r t e s  M o r p h i u m  k o m p e t i t i v  zu w i r k e n  
sche in t ,  

D I  S P U T A N D U M  

L i g n i n  a n d  t h e  F o r m a t i o n  o f  W o o d  

T h e  p a p e r  b y  F. F. NORD a n d  W.  J .  SCHUBERT on  t h e  
t i t l e  s u b j e c t  in  E x p e r i e n t i a  75, 245 (1959) r equ i r e s  seve ra l  
a m e n d m e n t s  a n d  s u p p l e m e n t a r y  c o m m e n t s .  F o r  t h e  sake  
of b r e v i t y ,  t he  d iscuss ion  he re  h a s  b e e n  r e s t r i c t e d  to  t h e  
grosses t  i n a d e q u a c i e s  a n d  d i sc repanc ies .  

The  b e s t  p r e p a r a t i o n  of wood l ignin  ava i l ab l e  a t  p r e s e n t  
is BJORKMAN'S mil led  wood l ignin  (MWL) x. MVVL p r e p a r e d  
f rom spruce  wood  c o n t a i n s  0.3 pheno l i c  h y d r o x y l  g roups  
pe r  C,-C3 un i t ,  whe rea s  t h e  m i n u t e  f r ac t i on  of l ign in l ike  
m a t e r i a l  w h i c h  is e x t r a c t a b l e  f rom s a w d u s t  a c c o r d i n g  to  
F.  BRAUNS c o n t a i n s  twice  th i s  a m o u n t  of pheno l i c  h y d r o -  
xy l  2,3a. He re  t h e  l a t t e r  p r e p a r a t i o n  was  e x t r a c t e d  f rom 
wood us ing  ace tone  in p re fe rence  to  a lcohol  a n d  t h e n  sepa-  
r a t e d  f rom l ignans  a n d  o t h e r  a d m i x t u r e s  b y  c o u n t e r -  
c u r r e n t  d i s t r i b u t i o n .  NORD a n d  SCHUBERT c l a i m  t h a t  
' e n z y m i c a l l y  l i b e r a t e d  l ign in '  is i den t i ca l  w i t h  BRAUNS' 
' n a t i v e  l ign in ' .  Th i s  impl ies  t he r e fo re  t h a t  i t  is n o t  iden-  
i t ca l  w i t h  t h e  m a i n  p a r t  of true wood  l ign in  or  p ro to t ign in .  

1 A. BJ6RKMAN, Svensk Papperstidning 59, 477 (1956). 
G. AVLIN-ERDT~m~ and L. HEGBOM, Svensk Papperstidning 6I, 

lS7 (195S). 
3 a) K. FREUDENBERO, in Biochemistry o/ Wood, Proc. 4 TM Int. 

Congr. Biochenl., Vol. 2, p. 125 (1959). - h) K. FREreDENBERG and 
K. DALL, Angew, Chem, 4Z, 606 (1955). 

Thus ,  for  i n s t ance ,  Ior  Scots  p ine ,  va lues  of 815 a n d  695 
were  f o u n d  b y  NORD et aL 4 for  t h e  mo lecu l a r  we igh t s  of 
n a t i v e  a n d  en zy mi ca l l y  l i b e r a t e d  l ign in  respect ive ly .  
Spruce  M W L  o n  t h e  o t h e r  h a n d ,  a l t h o u g h  p r o b a b l y  par-  
t i a l ly  d e g r a d e d  b y  mil l ing,  h a s  a m o l e c u l a r  w e i g h t  of 
I1 ,000 1, in  t h e  same  r a n g e  as t h a t  of FREUDENBERG'S bio- 
s y n t h e t i c  l ignin~L 

BROWN a n d  NEISH 5 were  t h e  f i r s t  to  show t h a t  radio-  
a c t i v e  sh ik imic  acid i n t r o d u c e d  i n to  p l a n t s  is i n c o r p o r a t e d  
i n to  l ign in  a n d  t h a t  r a d i o a c t i v e  van i l l i n  etc.  is fo rmed  on 
o x i d a t i o n  of such  l ignin.  I n d e p e n d e n t l y ,  EBERHARDT and  
NORD ~a c o n f i r m e d  t h i s  in  more  e l a b o r a t e  e x p e r i m e n t s .  
T h e  role of sh ik imic  acid in l ign in  f o r m a t i o n  is j u s t  the  
same  as in al l  o t h e r  cases of b i o s y n t h e s i s  of C~-Ca sub-  
s tances .  V a r i o u s  A m e r i c a n  a u t h o r s  h a v e  s h o w n  t h a t  
sh ik imic  acid is t r a n s f o r m e d  in to  p r e p h e n i e  acid an d  
t h e n c e  i n to  p h e n y l p y r u v i c  acid or  c i n n a m i c  acid or  p h en y l -  
a lan ine .  As FREUDENBERG h a s  shown,  labe l led  p h e n y l -  
a l an ine  is t r a n s f o r m e d  b y  sp ruce  sap l ings  e i t h e r  in  the  
needles  or  in  t h e  c a m b i u m  or  en  r o u t e  f rom t h e  needles  
to  t h e  c a m b i u m  in to  conifer in ,  w h i c h  was  i so la ted  in 
r a d i o a c t i v e  fo rm f rom c a m b i a l  sap  7 

I n  conifers  con i fe r in  a n d  in o t h e r  p l a n t s  c o r r e s p o n d i n g  
glucosides in  a d d i t i o n  a s s u m e  t h e  c a r d i n a l  pos i t ion  in 
t ign in  fo rma t ion .  These  a re  t h e  i m m e d i a t e  s t a r t i n g  ma-  
te r ia l s  for  l igni f ica t ion ,  as h a s  b e e n  d e m o n s t r a t e d  b y  
FREUDENBERG el al.S in  t h e  case of sp ruce  l ign in  us ing  
r a d i o a c t i v e  coni fer in .  

~NORD, SCHUBERT a n d  ACERBO 9 h a v e  s h o w n  t h a t  radio-  
ac t ive  p - h y d r o x y p h e n y l p y r u v i e  acid is i n c o r p o r a t e d  in to  
s u g a r  cane  l ign in  a n d  t h a t  s u c h  l ign in  fo rms  r ad i o ac t i v e  
a l d e h y d e s  on  o x i d a t i v e  d e g r a d a t i o n .  Th i s  i m p o r t a n t  
o b s e r v a t i o n  does  n o t  i n d i c a t e  h o w e v e r  t h a t  p - h y d r o x y -  
p h e n y l p y r u v i c  acid is t h e  o n l y o r  e v e n  a n  es sen t i a l  s t a r t i n g  
m a t e r i a l  for  l ign in  fo rma t ion ,  as NORD a n d  SCHUBERT 
suggest .  I n  a n  ana logous  e x p e r i m e n t  ca r r i ed  o u t  w i t h  
label led  ferul ic  acid,  FREUDENBERG 1° found  t h a t  l ignin  
is fo rmed  w h i c h  yields  r a d i o a c t i v e  k e t o n e s  o n  e thano lys i s  
a cco rd ing  to  HIBBERT. T h e  co r r ec t  i n t e r p r e t a t i o n  of  t h i s  
d a t a  is t h a t  p h e n y l p y r u v i c  acid or c i n n a m i c  acid or 
p h e n y l a l a n i n e  is ox id ized  on  t h e  w ay  lead ing  to  coni fer in  
in t h e  4 -pos i t ion  a n d  in t h e  3 - p o s i t i o n ,  w h i c h  is also 
m e t h y l a t e d .  T h e  ac ids  a re  r ed u ced  a t  t h e  c a r b o x y l  group,  
are  c o n v e r t e d  i n to  u n s a t u r a t e d  c o m p o u n d s  a n d  f ina l ly  
glucosidized.  T h e  abso lu t e  sequence  of t he se  ope ra t i ons  
h a s  n o t  y e t  b e e n  def in i t e ly  es tabl i shed11;  p - h y d r o x y -  
p h e n y l p y r u v i c  ac id  a n d  ferul ic  ac id  m a y  be  essen t i a l  
i n t e r m e d i a t e s  in  these  t r a n s f o r m a t i o n s  or  m a y  m e r e l y  be 
t r a n s f o r m e d  i n d e p e n d e n t l y  in  side r eac t i ons  i n to  coni fe r in  
a n d  o t h e r  glucosides.  T h e  role of p - h y d r o x y p h e n y l p y r u v i c  
acid is r a t h e r  u n c e r t a i n ,  as i t  h a s  b e e n  s h o w n  t h a t  i t s  in-  
c o r p o r a t i o n  i n t o  coni fe r  l ign in  p roceeds  r a t h e r  unsa t i s -  
f ac to r i ly  11,12. 

4 G.DESTEVENS and F.F.NoRo,Fortsehr. ehem.Forseh.3, 95 (1954). 
5 S. A. BROWN and A. C. NEISH, Nature 17a, 688 (1955), 
s a) G. EBERitAR9T and F. F. NORD, Arch. Biochem. Biophys. 35, 

578 (1955). - b )  G. EBER~ARDT and W. J. SChUBeRT, J. Amer. chem. 
Soe. 78, ~835 (1956), 

7 K. FREUDENBERG and F. NIEDERCORN, Chem. Ber. 91, 591 
(1958). 

s K. FREUDENBERG~ H. REZNIK~ W. FUCHS~ and M. REICHERT, 
Naturwiss. 4~, 29 (1955), 

g F. F. NORD, W. J. SCtlUBERT, and S. N. ACERBO, J. Amer. chenl. 
Soe. 79, 251 (1957); 80, 1990 (1958), 

a0 K. FREUDENBERG, Angew. Chemie 68, 92, 511 (1956). - S. A. 
BRowN and A. C. NEISH, Canad. J. Biochem. Physiol. 34, 769 (1956). 

n S. A. BRow~¢, D. WRmHT, and A. C. NEmH, Canad. J. Biochem. 
Physiol. 37, 25 (1959). 

1~ G. BILLEK, in Biochemistry o] Wood, 4 m Int. Congr. Biochem., 
Vol. 2, p. 211 (1958). 
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The following statements  of NORD and SCHUBERT 
summarizing ' the  process of lignification' are therefore 
not in clear concordance with the facts of current lignin 
chemistry: 'This compound (i. e. shikimic acid) is then 
aromatized into compounds of the type of p-hydroxy- 
phenylpyruvic acid. These lat ter  compounds then become 
the first, or 'pr imary '  lignin building stones'. I t  ought at 
least to have been stated tha t  the primary building stones 
are actually p-hydroxycinnamic alcohols. 

Furthermore NORD and SCHUBERT give the impression 
that nothing is known about  the oligomeric intermediates 
of lignin formation. In this respect, a t tent ion is called to 
work done in Heidelberg in recent years in which so far 
ten different intermediates have been isolated. Inexpli- 
cably, they have also neglected to mention the well estab- 
lished role of the glucosides, their hydrolysis prior to 
lignification by a/~-glucosidase present between cambium 
and wood in trees and the dehydrogenative condensation 
of the free phenolic aglycons brought about by oxidizing 
enzymes at the site of lignification in the plant. 

All in all, NeRO and SCHUBERT have merely described 
a pair of random steps isolated from the complexity of 
the total  process of lignification and hence convey an 
oversimplified, distorted picture of the overall scheme. 
For a condensed but  more complete survey of the bio- 
synthesis and consti tution of lignin, a recent article by 
FREUDENBERG 13, is recommended. 

J. M. HARKIN 

Forschungsinstitut /i~r die Chemic des Holzes und der 
Polysaccharide, Chemisches [nstitut der.Universitdt Heidel- 
berg, 5. August 1959. 

A Rebuttal to the Disputandum o / J .  M.  Harbin 

The Disputandum by HARKIN to the paper of NORD 
and SCHUBERT in this Journal  Z4 is characteristic of the 
style of the Heidelberg school, but  is unconvincing. 

The s ta tement  is made tha t  'The best preparation of 
wood lignin available a t  present is A. BJ6RKMAN'S milled 
wood lignin (MWL)'. But  until the structure of natural  
lignin has been proved, one cannot say what  is the 'best '  
preparation of lignin, for until  such t ime as its structure 
becomes known, one cannot know what  the exact prop- 
erties of natural  lignin will be, and so one cannot  know 
how closely his own preparation approaches lignin in situ. 
While we do not disparage the value and importance of 
BJORKMAN'S preparation, we and indeed others feel tha t  
it is questionable to call it, or any other preparation, 'best '  
at this time. 

We do indeed claim tha t  enzymatically liberated Iignin 
is identical with BRAUNS' native lignin, but  this certainly 
carries no implication tha t  i t  is not  identical with the 
main par t  of true wood or bagasse lignin. Once again, the 
author has arbitrari ly selected Spruce M~ArL as a standard 
of reference, and then he total ly confounds the issue by 
reference to FREUDENBERG'S 'biosynthetic lignin', which 
of course, is not  a natural,  wood-produced lignin at all, 
but an artifact ~6. 

The s tatement  is made 'Brown and Neish were the first 
to show tha t  radioactive shikimic acid introduced Ante 
plants is incorporated into lignin and tha t  radioactive 
vanillin, etc. is formed on oxidation of such lignin. In- 
dependently, EBERHARDT and NORD confirmed this in 
more elaborate experiments ' .  To keep the record straight, 
let it be known that  BROWN and NEISH'S letter was 
published in the April 16, 1955 issue of Nature, while the 
Fordham letter was published in Arch. Biochem. Biophys. 
in the April, 1955 issue. 

Furthermore, no a t tempt  is made to deny that  'The 
rote of shikimic acid in lignin formation is just  the same 
as in all other cases of biosynthesis of C r C  3 substances',  
or tha t  'Various American authors have shown tha t  
shikimic acid is transformed into prephenic acid and 
thence into phenylpyruvic acid or cinnamic acid or 
phenyl-alanine'. We simply claim to have called at tent ion 
(see above), to the intervention of shikimic acid in ligni- 
fication, as compared with other biosyntheses of aromatic 
compounds, a possibility which was earlier completely 
overlooked by FREUDENBERG 1~, 

The statement is made that  coniferin and other gluco- 
sides are the ' immediate starting materials for lignifica- 
tion'.  But why this arbitrary selection of the glycosides 
as the starting point of the process ? We feel tha t  the 
origin of the glycosides themselves is just  as integral a 
part  of the total process of ]ignification as the eventual 
conversion of these compounds into lignin. 

Regarding p-hydroxyphenylpyruvic acid, it is claimed 
tha t  its role is ' rather uncertain as it has been shown that  
its incorporation into conifer lignin proceeds rather un- 
satisfactorily'. But  NEIs~ *T states tha t  'p-hydroxy- 
phenylpyruvic acid-3-C ~4 can be converted to guaiacyl 
or syringyl lignin in wheat but  not in buckwheat (Fggo- 
pyrum tataricum) or sage (Salvia splendens)'. This dif- 
ference in biosynthetic abilities among different species 
was later interpreted H as follows: 'Neither  p-hydroxy- 
phenylpyruvic acid nor p-hydroxyphenyl lactic acid is a 
general intermediate in lignification, and differences noted 
here and in previous papers between grasses and non- 
grasses probably result from the unique ability of grasses 
to convert  p-hydroxyphenyl lactic acid to p-hydroxy 
cinnamic acid'. Since the sugar cane plants employed in 
our experiments are considered to be 'grasses', they are 
thus able to utilize p-hydroxyphenylpyruvic acid for 
lignin biosynthesis, as has been demonstrated in this 
laboratory ~5. 

The statement is made that  ' I t  ought at  least to have 
been stated that  the primary building stones are actually 
p-hydroxycinnamic alcohols'. But, if this was not ex- 
plicitly stated, it was certainly clearly implied, Thus, on 
p. 252 of the paper in this Journal, it was stated that  'The 
building stone of lignin possesses a phenylpropane carbon 
structure (Figure 4b), Lignin building stones, although 
having the same basic phenylpropane carbon structure, 
may be of at  least three types, the vanillyl (Figure 12a), 
syringyl (Figure 12b), or p-hydroxyphenylmethyl  (Fig- 
ure 12c) structure',  Hence, obviously the reader who 
superimposed the phenylpropane carbon structure of 
Figure 4b upon the vanillyl structure of Figure 12a would 
have deduced the structure of coniferyl alcohol, which in 
fact was presented in Figure 2 on page 246. 

:ta K. FREUDENBERG, Nature 183, 1152 (1959). 
xa F. F. NORD and W. J. SCHUBERT, Exper. 15, 245 (1959), 
is F. F. NOR~, W. J. SCItUBERT, and S. N. ACERBO, Naturwissen* 

schaften dt, 35 (1957). 

1~ K. FREUDENBERO et at., Liebigs Ann. 575, 145 (1952); 584, 54 
(1953). 

1~ A. C. N~lstt, in the Discussion of the paper of G. BtLLEK in 
Biochemistry o] Wood, Vol. 2 of the Proceedings of the Fourth Inter- 
national Congress of Biochemistry, p. 213 (London 1959). 

Exper. 6a 



82 13r~ves communications - Brevi commfieazkmi [EXPERIENTIA VoL.XVI[2] 

Re la t ive  to  the  ol igomeric  in te rmedia tes  in l ignin for- 
mat ion,  c o m m e n t s  on t h e m  were m a d e  on p. 253 of the  
or iginal  paper .  No reference was made  to  the  ' in ter-  
med ia tes '  i sola ted a t  the  Heide lberg  school since the  
au thors  wished to res t r ic t  themselves  to inves t iga t ions  of 
t he  processes occurr ing in woody  plants ,  whereas  the  
' i n t e rmed ia t e s '  referred to  are  the  resul t  of the  in vitro 
ac t ion  of art i l l-defined enzyme  sys t em f rom mushrooms,  
which  resul ts  m a y  in fact  have  no re la t ion  a t  al l  to t he  
process of l ignification. 

Accordingly,  t he  concluding s t a t e m e n t  of t he  Heidel -  
be rg  au thors '  r egard ing  the  F o r d h a m  pic ture  of t he  
overal l  scheme of l ignif icat ion (as also rev iewed  b y  
EVANS ~8) m a y  be dismissed as a pure ly  sub jec t ive  analysis.  

CARMINE J ,  CO$CIA 

Department o/Organic Chemistry and Enzymology, Ford- 
ham University, New York, September 2d, 1959. 

In  reply  to the  r ebu t t a l  by  CosclA of m y  object ions  to 
the  paper  by  NORD and SCHUBERT xd, I should like to  
c lar i fy  the  fol lowing points.  

I r epea t  t h a t  BJORKMAN'S mil led wood l ignin (M~vVL) 
is the  best  l ignin p repara t ion  available at present, since i t  
can  be  ob ta ined  r epea ted ly  in yields of ove r  50% 1 and is 
l ikely to be  more  represen ta t ive  of na tu ra l  l ignin in situ 
t h a n  BRAUNS soluble lignin, the  yield of which  represents  
on ly  2 - 3 %  of t he  t o t a l  l ignin.  I f  enzymica t ly  l ibera ted  
l ignin is iden t ica l  w i th  BEAUNS lignin, which  is n o t  ident i -  
cal  w i t h  M%VL, t h e n  i t  c a n n o t  be ident ical  w i th  the  m a i n  
p a r t  of wood lignin. The  con fo rmi ty  of BRAUNS lignin and 
e n z y m i c i l l y  l ibera ted  l ignin is also open to  ques t ion  
because  of  the  low m e t h o x y l  con ten t  of the  l a t t e r  ~. 
FREUDENBERG'S b iosyn the t i c  l ignin is chemica l ly  ident i -  
cal wi th  BJbRKMAN lignin b u t  n o t  w i th  BRAONS lignin. 

I t  is for the  sake of s impl ic i ty  in expe r imen ta t i on  t h a t  
spruce lignin, which  conta ins  prac t ica l ly  only  guaiaeyt -  
p ropane  residues, is prefer red  by  us as a reference ma te -  
r ia l  for l ignin studies.  

Re la t ive  to  the  d iscovery  t h a t  shikimic acid is a pre-  
cursor  of l ignin,  m y  c o m m e n t s  are in accordance wi th  
s t a t emen t s  by  t(RATZL 2°. Fu r the rmore ,  the  le t te r  by  
EBERHARDT and MORn 'on the  phase sequence of m e t h y l  
p - m e t h o x y c i n n a m a t e  and its possible re la t ion to l ignifica- 
t ion '  s~ conta ins  no repor t  of shikimic acid 's  being an in ter -  
media te  in the  fo rmat ion  of lignin. I t  s ta tes  t h a t  ' t he  
format ion  of shikimic acid is p resumed '  in the  fo rmat ion  
of m e t h y l  p - m e t b o x y c i n n a m a t e  - which  in tu rn  may be 
re la ted  to  l ignif icat ion - and in a reac t ion  flow sheet,  shiki-  
mic ac id  appears  in bracke ts  w i th  a ques t ion  mark ,  b u t  is 
o therwise  unment ioned .  NORD'S practical work  re la t ing  
shiMmic acid to  l ignin on ly  appea red  in 1956 ~b, whereas  
NEISH'S 1955 publ ica t ion  was comple te  wi th  expe r imen ta l  
da ta .  The  papers  by  FREIrDENBERG xe ci ted b y  COSClA, 
a l though  deal ing wi th  shikimic acid, descr ibe s tudies  
r e l a t ive  to  i ts  s te reochemical  conf igura t ion  and do n o t  
h a v e  t h e  r emo te s t  connect ion  wi th  l ignin chemis t ry .  

The  glucosides were no t  des ignated  ms the  u l t imate  
s ta r t ing  po in t  of the  total process of l ignif icat ion - which 
is in fact  a tmospher ic  COe - bu t  as the  ' immed ia t e  s tar t ing 
mater ia ls  for l ignif icat ion ' ;  t h e y  are the  cu lmina t ing  sub- 
s tances  of a large n u m b e r  of pheny lp ropane  der ivat ives  
which are  all  po ten t ia l  precursors  of lignin. T h e y  are, 
however ,  the  only  precursors  to have  been  so far  isolated 
f rom plan ts  and  are  present  in m u c h  h igher  s t a t ionary  
concen t ra t ion  t h a n  a n y  of the  others.  The  t rans format ion  
of phenylaIanine  into  conifer in by  spruce sapl ings 7 illus- 
t r a tes  t he  i m p o r t a n t  cen t ra l  posi t ion of  coniferin in 
l ignification.  The  e v e n t u a l  convers ion of  the  p -hydroxy-  
c innamic  alcohols  in to  l ignin is l ignif icat ion in t he  strict  
sense; t he  convers ion  of, for  example ,  shikimic  acid into 
p - h y d r o x y p h e n y l p y r u v i c  acid is no t ;  th is  l a t t e r  process 
occurs in m a n y  organisms (e.g. Lentinus Iepideus) which 
are  by  no means  lignified. 

The  inabi l i ty  of p lants  o ther  t h a n  Gramineae  to conver t  
p - h y d r o x y p h e n y l p y r u v i c  acid in to  l ignin is t he  uncer-  
t a i n t y  impl ied in m y  or iginal  s t a t e m e n t ;  i t  can  only  be 
metabol ized  if conver ted  into p -hydroxyc innamic  acid in 
the  p lan t  n. We  have  res t r ic ted ourselves for reasons men- 
t ioned above  to conifer  lignin, in which this  t ransforma-  
t ion does no t  occur. I t  is indeed some progress t h a t  NORD 
et al. now consider  t h a t  the  p - h y d r o x y c i n n a m i c  alcohols 
are  in te rmedia tes  of l ignin format ion.  

The  references to ' the  p re l iminary  stage of l ignif icat ion '  
a t  which  'd imer iza t ion  or t r imer iza t ion  has  a l ready  oc- 
cur red '  convey  no p ic ture  of w h a t  t he  ol igomeric  inter-  
media tes  of l ignin are like or  how t h e y  h a v e  been formed. 
The  dehydrogena t ive  po lymer iza t ion  of coniferyl  alcohol  
repor ted  b y  FREUDt~NBERG el al. is an  a t t e m p t  a t  an  in 
vitro r ep roduc t ion  of the  in  vivo process occurr ing  in 
woody  plants  and uses the  same enzymes  as occur  there.  
W e  call  t h e  first  (dimeric) p roduc t s  of th is  dehydrogena-  
t ion  in te rmedia tes  of l ignin format ion  or  secondary  bui ld-  
ing  stones. Careful  inves t iga t ions  suggest  t h a t  these in ter-  
media tes  are conclusive for conifer  l ignin in na ture .  

The  enzyme  - taecase - used to  p roduce  b iosynthe t ic  
l ignin can no longer  be  t e r m e d  ' i l l -defined '21, and is of 
widespread  occurrence in plants .  More recent  work  uses 
I-t,O 2 and crysta l l ine  peroxidase,  a sys tem exac t ly  equiv-  
a lent  to  t h a t  of laccase wi th  oxygen.  

The  ar t ic le  by  EVANS is is a rev iew of the  me tabo l i sm of 
a romat ic  compounds  by  lower plants ,  no t  of the  overal l  
scheme of l ignification.  

Tile experimental work done by  NORD et al. is no t  at  
var iance  wi th  our  conception'  of the  biogenesis and consti-  
tu t ion  of lignin, bu t  i t  on ly  par t i a l ly  covers  the  problems 
a t  issue. I t  is ma in ly  the  interpretation which  NORD et al. 
give to  the i r  resul ts  t h a t  we canno t  accept.  

Professor FREUDENBERG stresses that he agrees with my first and 
this second Disputandum. I wish to call attention to his recent 
survey ~z. 
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