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Summarys A lignin-like substance was synthesized in vitro from coni-
feryl alcohol in the presence of peroxidase with coenzymes NADH and

flavin. Eugenol was also polymerized n the same way,

Introduction:

Lignin is a widely occurring polymer in higher plants, Its
monomer units are coniferyl alcohol, sinapyl alcohol and p-coumaryl
alcohol, Lignin's detailed structure has not been elucidated, It is,
however,suspected that the polymerization in vivo is a free radical
prcecess, Polymerization of coniferyl alcohol and its homologous pro-
panoid compounds can be accomplished in vitro on the addition of

L, Analogous reactions may be taking within the

hydrogen peroxide
plant cell; peroxide flavoprotein, pyridine nucleotide (NADPH) and
peroxidase have been proposed to be involved in the biosynthesis of
lignin, Flavin, for example, can form a peroxidez. In the presence
of peroxidase,the hydrogen peroxide or flavin peroxide undergoes
H-abstraction of the phenolic hydrogen to form an aroxyl radical?,
In the experiments described herein,the author wishes to demonstrate
that in vitro polymerization of lignin monomers can be accomplished
with these suspected biosynthetic intermediates., Specifically,

these experiments were undertaken to determine whether the aroxyl
radical formed with flavin peroxide in the presence of peroxidase

can initiate the in vitro polymerization of coniferyl alcohol and

eugenol to polymers,
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Materials and Methods:

Half a ml of riboflavin 5' phosphate monosodium (F¥N) ca 112 mg,
ml, half a ml of NADY, 141 mmols/ml, half a ml of alcohol dehydro-
genase concentrateu, 50 mL peroxidase solution and 20 ulL coniferyl
alcohol, 100mg/ml, were mixed in a test tube and 20 alL ethyl alcohol
were added, Turbidity was observed immediately, Repeated addition of
ethanol and coniferyl alcohol brought out more brown precipitate,
This polymer was washed with water, cemtrifuged and decanted several
times, After drying under vacuum,it was insoluble in both chloroform
and- tetrahydrofuran, When eugenol was substituted for coniferyl alco-
hol, a white precipitate appeared immediately. The eugenol polymer
was soluble in both chloroform and tetrahydrofuran,

If alcohol dehydrogenase is left out of the incubation mixture
in which NADH is directly substituted for NADY, polymer formation
does not occur, This is because NADH is not bound to dehydrogenase5
and therefore it can be oxidized by flavin peroxide to NADY 6. Under

this condition, this peroxide is no longer available to form an

aroxyl radical,

Results:

The dried eugenol polymer was dissolved in tetrzhydrofuran and
filtered for analysis by liquid chromatography with a U,V., detector
at 254 nm, The column was nacked with U 8, 39 mm I.D., 30 cm long,
The elution was performed with mixtures of water and methanol ranging
from 20% methanol to 80% methanol. The HPLC chromatogram showed a
monomer peak at the extreme right, At a separation of each additional
17 em, a second and a third peak occurred, rich in dimer and tetramer,
It appeared that there was a trimer and various kinds of tetramer
and pentamer with their own peaks,

A eugenol polymer which was dried at -80°C under high vacuum,
was soluble in chloroform and filtered, It was subjected to permea-

tion chromatography {column F-1000, F-500 and E~125) pagked with
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Figure 1

bongel and eluted with chloroform, A high large peak due to the mono-
mer occurred around 75 counts., A small peak occurred between 32-45
counts., In comparison with standard polystyrene using calibration
ratio Q=42, M,, the number-average molecular weight, is 31,909, N,
the weight-average molecular weight, is 890,991, Referring to the
HPLC data, a tetramer, if in monodisperity, gives M, = 650, The real

M, depends on the molecular weights of various molecular species and

n

their number of molecules,

Discussions

These experiments suggest the following mechanism shown in scheme

1.
Scheme 1
. alcohol
NAD +  CH,CHpO0H —— CH4CHO + NADH + H*
dehydrogenase

NADH + HY + F — FH +  NAD*
flavin reduced %lavin

FH + 0 —_— FHOOH

2 2 flavin peroxide

Figure 1 shows the structure of flavin and its peroxide

The proposed mechanism consists of four consecutive steps, The
first reaction is the formation of an enzyme complex substrate be-
tween peroxidase and flavin peroxide, The second reaction between
the enzyme complex and a molecule of monomer produces a diradical
enzyme complex and water. Reaction 3 shows the addition of a second
monomer unit to the diradical complex, and the last reaction shows
the decomposition of the latter product, regenerating the enzyme

and flavin, producing a dimer of the original monomer (AH). The
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Figure 2
process can continue: peroxidase and newly formed flavin peroxide
can again form their complex and this can react with the already
formed dimer to yield a diradical which can attack another monomeric
molecule, forming a trimery or another dimer molecule,forming a
tetramer, Polymerization can continue by these paths and others yield
a n-mer,

The four consecutive stegs are shown below in scheme 27=
Scheme 2

(1) Per-OH + HO:0HF = (Per-0H-HO:OHF)
peroxidase flavin peroxide enzyme complex substrate
(2) (Per-0H-HO:OHF) (M) — (A-Per—OH-(.)HF) + H,0
mon 1 ) diradical complex 2
(3) (A-Per-OH-OHF) + AH —  (HA-A-Per-OH-OHF)
monomer

(4) (HA-A-Per-OH-CHF) ——> Per-OH + F + HA-AOH (_=A2H, MZ)
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The structural mechanism can be expressed8 more clearly as follows

in Fig., 2 .

In conclusion, lignification ia plants is visualized as in scheme 3;
Scheme 3

g,

NADPY  +  H,0 = NADPH + HY + 30,
Hill Reaction
photosynthesis in Chlcroplast
These experiments support the idea that the coenzymes NADPH and flavin
in vive, prcduce flavin peroxide, when exposed to air, Phenyl pro-
panold compounds convert to their alcohols and lignin is polymerized

9

through a peroxidase complex substrate”’,
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