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Investigations on Lignin and Lignification.

XVII. Evidence for the Mediation of

Shikimic Acid in the Biogenesis of Lignin Building Stones

By G. EBERHARDT AND WALTER J. SCHUBERT*
RECEIVED DECEMBER 21, 1955

A 2,6-Cl4shikimic acid was incorporated into a living sugar cane plant,

The lignin isolated from this plant contained

radioactivity. Vanillin, obtained by oxidative degradation of thelignin, shows a distribution of radioactivity which is com-
parable to the distribution of C in the originally incorporated shikimic acid. Thus, this acid may be considered as a pre-

cursor of the aromatic ring of lignin building stones.

In the preceding paper of this series,! details of
the biogenesis of methyl p-methoxycinnamate (I)
from glucose, a metabolic product of the fungus
Lentinus lepideus (Lelep), were studied. The
mechanism of formation of this compound was
found to be related to that of the biogenesis of cer-
tain aromatic amino acids. Due to the structural
similarity of compound I to the postulated building
stones of lignin (I1, III, IV),? these results point to
a relationship with the biogenesis of lignin.

Shikimic acid (V) is regarded as a direct precursor
of the aromatic ring® of the amino acids phenyl-
alanine, tyrosine, tryptophan and p-aminobenzoic
acid. Recent experiments? indicate that after the
introduction of radioactively labeled shikimic acid
into freshly cut wheat and maple plants, there was
considerable activity in the lignin portions of these
plants.

The experimental results to be reported here
show that shikimic acid, without any rearrange-
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ment of the carbon atoms of its six-membered ring,
is also to be considered as a precursor of the aro-
matic rings of the lignin building stones, and, ac-
cordingly, that this transformation parallels the
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mechanism of formation of the aromatic amino
acids.

The experiment involved the following steps:
(a) Shikimic acid, specifically labeled with C!* in
positions 2 and 6 of the ring, was prepared by micro-
biological means. (b) This acid was incorporated
into a living lignin-producing plant. (c) The
lignin of the plant was isolated, and its activity de-
termined. (d) The lignin was oxidatively de-
graded to wvanillin. (e) The distribution of C!*
in the aromatic ring of the vanillin was determined
by degradation of this compound.

Experimental

Specifically labeled shikimic acid was prepared by fer-
mentation of 6-Cl4-p-glucose by E. coli mutant 83-24.%
Such shikimic acid contains 529, of its total activity in po-
sition 6 and 439, in position 2.5 The activity of the com-
pound amounted to about 20 uc. in 100 mg.

An aqueous solution of this acid was incorporated into the
leaves of a growing, fully developed sugar cane plant (Sac-
charum officinarum) as follows. The youngest leaves of the
plant were cut across with a razor blade about 5 cm. from
the tips. The cut ends were dipped immediately into test-
tubes containing 2 ml. of the aqueous solution of the radio-
active material.

After several days of continued metabolism, the leaves
were removed and the stem of the plant was cut, dried and
pulverized, and the resulting powder continuously extracted
with water. The extracted and dried plant material was
then submitted to treatment with Schweizer reagent, and
then to a modified alkaline-nitrobenzene oxidation,® and the
resulting vanillin isolated. This compound was then purified
by sublimation, and by recrystallization from petroleum
ether.

The distribution of the radioactivity in the ring carbons
of the vanillin was determined according to the degradations”
shown in Scheme I.

The activities in positions C,, C; and Cs were determined
by the above three series of degradations, which were per-
formed on a millimolar scale. The following individual re-
actions were performed according to previously described
procedures.

For C,: Vanillin (1 m3M) — vanillin acetate (85%,) —
2-nitrovanillin,® m.p. 134° (479,) — bromopicrin? (77%)
— BaCO0;3,° 66.4 mg., total yvield from vanillin to Cp: 28%,.

For C;: Vanillin (1 mM) — 5-nitrovanillin® (68%),
m.p. 174°, — bromopicrin (68%,) — BaCOQy, 77.6 mg., total
vield from vanillin to Cs: 39%,.

For Cg: Vanillin (1 mAM) — veratraldehyde!! (959,) — 6-
nitroveratraldehyde,!? m.p. 132° (729,) — bromopicrin
(4107%) — BaCO;, 46 mg., total vield from vanillin to Cs:
229%,.

Determination of the Radioactivity.,—All measurements
are referred to an infinitely thick layer of BaCQO;. The
counting was performed with the aid of an end window
counter.

Results and Discussion

The results of the counting of the plant material
(Table I) indicate that upon introduction of spe-
cifically Cl4labeled shikimic acid into the sugar
cane, the active material was incorporated by the
plant into non-water-extractable components of
the stem. Counting of the isolated Klason lignin
indicates that the radioactivity in its essential
part is located in the lignin, as this component had
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a much greater specific activity than did the entire
stem, Furthermore, the wvanillin obtained by
oxidative degradation of the lignin has a some-
what increased specific activity when compared
to the lignin from which it was derived.

TABLE I
DISTRIBUTION OF ACTIVITY IN THE PLANT MATERIAL
Activity,
Plant material cts./min,
Stem (ground and water-extracted) 6
Klason lignin (109, of weight of stem) 42
Vanillin 58

The vanillin molecule has eight carbon atoms,
while a lignin building stone has “10.5” (i.e. conif-
eryl alcohol = 10, and sinapyl alcohol = 11).
If the two oxidized C-atoms of the propyl side
chain of the lignin building stones are inactive,
then an increase in the specific activity from the
Klason lignin (42 cts./min.) to vanillin could be
calculated as 55 cts./min. In fact, the activity of
the isolated vanillin amounted to 58 cts./min.
Therefore, it may be concluded that the 8- and -
carbon atoms of the propyl side chain of the conif-
eryl alcohol contain no appreciable radioactivity.

The degradation of the vanillin (Table II) and
counting of the resulting BaCO;, as described above,
shows the folwwing distribution of activity in the
aromatic ring of the vanillin: Cs contains 447,
Cy 419, and Cs 09 of the total activity of the
vanillin. Thus, we find a distribution of activity
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in the aromatic ring of vanillin which agrees well
with the original distribution of C! in the six-
membered ring of the incorporated shikimic acid,
i.e., the results give evidence that the cyclohexene
ring of the acid was converted directly into the
aromatic rings of lignin without randomization of
the carbon atoms.

TaBLE II

DISTRIBUTION OF ACTIVITY IN THE VANILLIN
Percentage

Activity, distribution of the
cts./min, total activity
Vanillin 58 100
C-6 204 44
C-2 190 41
C-5 0 0
Conclusions

After absorption of specifically C!*labeled shiki-
mic acid through the leaves of a sugar cane plant,
it has been established that some of this compound
was metabolized by the plant and was incorporated
into a non-water extractable component of the
stem of the plant. The analytical evidence indi-
cates that the activity was incorporated to a great
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extent in the lignin. The degradation of the lignin,
vie vanillin, discloses that the activity, located in
the aromatic ring, is comparable to the distribution
of the activity in the incorporated shikimic acid.
From these results, it can be concluded that
shikimic acid is an intermediate on the pathway
from carbohydrates!® formed by photosynthesis,
to the aromatic rings of the lignin building stones.
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Structure of Corn Hull Hemicellulose. I. Partial Hydrolysis and Identification of 2-O-
(a-D-Glucopyranosyluronic Acid)-D-xylopyranose'?

By R. MONTGOMERY, F. SMITH AND H. C. SRIVASTAVA
RECEIVED DECEMBER 29, 1955

Graded hydrolysis of the acidic hemicellulose from the hulls of the kernels of maize (Zea mays) with dilute sulfuric acid
yields arabinose, xylose, galactose and an aldobiouronic acid fraction. By treating the aldobiouronic acid fraction first with
methanolic hydrogen chloride and then with acetic anhydride, two crystalline acetates of a methyl aldobiouronoside methyl
ester have been produced. One of these acetates (II or B, m.p. 178-180°, [a]p 4+ 168° in chloroform) has been shown to be
derived from 2-0-( a-D-glucopyranosyluronic acid )-p-xylopyranose. Methylation of II followed by reduction and remethyla-
tion gave methyl 2-0-(2,3,4,6-tetra-O-methyl-pD-glucopyranosyl)-3,4-di-O-methyl-p-xylopyranoside (III), the structure of
which has been proved by the fact that upon hydrolysis it yields 2,3,4,6-tetra-O-methyl-p-glucose and 3,4-di-O-methyl-p-
xylose.

Corn hulls which are the outer coverings of the
kernels of maize (Zea mays) are obtained as a by-
product in the manufacture of corn starch by the
wet-milling process. The major component of the
corn hull is a hemicellulose which can be extracted
with dilute alkalies. Previous studies® have shown
that it is composed of xylose (489,), arabinose
(359,), galactose (79,) and uronic acid (109%).

Since the corn hulls represent a very cheap by-
product and since the hemicellulose component of
the hulls appears to show promise as an adhesive,
thickener or stabilizer, a detailed study of the struc-
ture of the corn hull hemicellulose has been under-
taken as part of a project? designed to establish in a
general way the relationship between the structure
and physical properties of polysaccharide gums. A
preliminary report of the methylation studies on
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