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Biosynthesis of C!*-Labeled Cellulose by Acetobacter xylinum.

IV. From D-Glucose-

1-C*, D-Glucose-6-C'* and Glycerol-1,3-C**

By GLENN A. GREATHOUSE!
RECEIVED NOVEMBER 5, 1956

The distribution of C!4 in the p-glucose from the bacterial cellulose hydrolyzate produced from p-glucose-1-C!¢, added

24 hours after inoculation as compared with that added initially was 10-129, higher in the original position 1.

The hy-

drolyzate of cellulose-C14 produced from p-glucose-6-Cl4 indicated that approximately 829, of the label was in the original

position 6 and had 99% in position 1, with smaller quantities in positions 2, 3, 4 and 5.

The distribution of C!4 in the p-

glucose units of cellulose produced from glycerol-1,3-C14 was approximately 129 position 1; 49 position 2; 229, position 3;

299, position 4; 3%, position 5; and 309 position 6.

Introduction

Preceding publications?™® have been made on
the incorporation of labeled sugars into cellulose.
Both Acetobacter xylinum*~* and wheat plants®
appear to incorporate D-glucose directly. How-
ever, some of the original hexose units are cleaved
prior to cellulose formation.

It would assist in determining the mechanism
of cellulose formation, if the percentage of label
could be changed in the original position by adding
the labeled hexose after the growth of the bacteria
had progressed and enzyme formed. Such experi-
ments utilizing D-glucose-1-C!* are reported herein,
along with the new data on the incorporation of
D-glucose-6-C'* and glycerol-1,3-C'* into cellulose.

Procedures

Cuiture Conditions.—The culture conditions were iden-
tical with those described in the preceding paper of this
series, unless designated as different.+

Counting Apparatus.—Counting rates were calculated
from the results of counts obtained with an @-8-y propor-
tional counter Model PC-1 and in certain instances with a
Vibrating Reed Electrometer. The proportional counter
is a ““P-gas (909, argon, 109, methane) windowless type
counter.” The geometry for small samples is 27 and the
efficiency of a thin sample is 509, with this counter. Neces-
sary precautions were taken to assure a precision of about
19, of the observed count rate. Counts were made of thin
samples, as BaCOj;, glucose, etc. and the results were cor-
rected in the standard way for the effects of background
count, geometry and self-absorption.

The samples counted using the vibrating reed electrome-
ter were first combusted by the Van Slvke method and the
CO; was collected in ionization chambers. The activity of
the samnple was then determined by the rate at which the
condenser was charged or millivolts per second drift rate.
The difference between this drift rate and the normal back-
ground of the reed gives the measure of the activity of the
combusted sample. For this vibrating reed 0.1270 mv./
sec. equaled one disintegration per second.

Radioactivity Determinations of the Culture Products.—
The procedure for the determination of C!4 content in the
COs, the C! remaining in the culture media and the C! ac-
tivity of the cellulose were the same as those previously
described.?s
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Purification of the Cellulose Hydrolyzate p-Glucose.—
The D-glucose-Cl4 resulting from the cellulose-C!4 was purified
by the method of Whistler and Durso’ and by several re-
crystallizations before assay for Cl4.

Methods Used for Location of C!“ in Cellulose.—The dis-
tribution of C!4 within the p-glucose units in the cellulose
was determined by analysis of the D-glucose obtained by hy-
drolysis of the cellulose-C!4, Carrier p-glucose was added
to the hydrolyzate to obtain the desired specific activity and
increase the amount of Cl4-glucose.

The activity at carbon 1 was obtained by the Frush and
Isbell method.? Positions 2 and 3 were obtained by using
the potassium D-arabonate from carbon 1 analysis and pre-
paring its benzimidazole according to the method of Moore
and Link.?

Carbon atoms 2 and 3 of p-glucose were then degraded
stepwise by a method described by Roseman!® by formation
of benzimidazole carboxylic acid and carbon atom 2 by the
benzimidazole. Position 2 was counted directly and posi-
tion 3 was determined by difference of 2 and 3.

Activity at positions 4 and 5 were by difference of posi-
tions 1, 2, 3 and 6 or as described in previous publication.?

Carbon atom 6 was made by the method of Reeves,!! which
involves oxidation with periodic acid of the Cg-carbon to
CH,;O and its conversion to the dimedone derivative.
Counts were made of this derivative, plated on aluminum
pans from aqueous methanol or pyridine solutions.

Results

Cellulose-C!* Produced from p-Glucose-1-C!
Added Initially and 24 Hours after Inoculation.—
The weight yields, as carbon content and the
percentage of C!4-label in each of purified cellulose
and carbon dioxide, are indicated in Table I.
The table shows also, for comparison, the carbon
and percentage of label in the D-glucose-1-C'* and
ethanol that was supplied.

TABLE I
SUBSTRATES, YIELD OF PRODUCTS AND C14-LABEL DISTRIBU-
TION

D-glucose-1-C14

B.
A. When p-glucose- added 24 hr. after

1-C was added initially inoculation
Wt. Label C14, Label C14,
mg. C % mg. C %
Substrates
p-Glucose-1-C!* 80.5 100 80.5 100
Ethanol 79.8 None 79.3 None
Products
Carbon dioxide 88.2 30.5° 92.4° 24.5°%
Cellulose 26.2 28.7° 28.4° 33.6°

@ These data were secured from three separate experi-
ments and analyses. There was little variation in the three
individual sets of data.
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The original percentage activity per 1 mg. of
p-glucose (100/80.5) is 1.24. The percentage ac-
tivity per 1 mg. for the resultant cellulose when
D-glucose-1-C!* was added initially (28.7/26.2) is
1.10; when bD-glucose-1-C'* was added 24 hours
after inoculation (33.6/28.4) is 1.18. Thus the
activity was slightly lower than the original D-
glucose-1-C14,

The label in the cellulose-C!* was distributed
over the six positions in the glucose units as shown
in Table II. These experiments were performed
at the same time and under identical conditions
except the time of adding the p-glucose-1-C'4,

TABLE ]I
LocATioN OF LABEL IN D-GLUCOSE FROM BACTERIAL CBL-

LULOSE
p-Glucose-1-C14
Added Added
Structure position 0 hr. 24 hr. later

1 62.5 79.1
2 1.6 0.4
3 19.2 11.0
4 15.4 8.0
) 0.9 0.4
6 0.4 1.1

100 100

Cellulose-C* Produced by p-Glucose-6-C'4.—
Radioactive cellulose was produced from p-glucose-
6-C* by use of A. wxylinum. The procedure
was similar to that described for the other labeled
sugar and cellulose formation. The results of
these experiments are summarized in Tables III
and IV,

TABLE III
SUBSTRATES, YIELD oF PropUCTS AND C!+-LABEL DISTRIBU-
TION
Wt., J.abel
mg. C CH, %
Substrates
p-Glucose-6-CH¢ 0.5 100
Ethanol 79.3 None
Products
Carbon dioxide 111.0 2R.9
Cellulose 32.6 23.8
TABLE IV

LOCATION OF LABEL IN (GLUCOSE FROM BAcTERIAL CELLU-
LOSE—FROM D-GLUCOSE-6-CH

Structure Structure
position % position %
1 9.3 4‘5 3.5
2 1.7 aj
3 3.9 6 81.6

The 1major portionr (81.6%¢) of the label was lo-
cated at position 6, corresponding to its position
in the labeled substrate. Position 1 contained
9.39, and the remaining 99, was distributed at
positions 3, 4 and 5 and 2 in descending order.

Cellulose-C!'* Produced by Glycerol-1,3-C!.—
Cellulose-C'* was produced by A. xylinum using
glycerol-1,3-C** as the sole carbon label source.
The procedures and analyses were the same as for
the previously described radioactive sugar studies.
These data are presented in Table V and V1.
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TABLE V
SUBSTRATES, YIELD oF PrRoDUCTS AND C14 LABEL DISTRIBU-

TION
Wt., Label Ct4,
Mg. C %

Substrates

Glycerol-1,3-Cl4 98.0 100

Ethanol 79.3 None
Products

Carbon dioxide 87 .4 6.1

Cellulose 11.8 5.7

TABLE VI

LocATION OF LABEL IN GLUCOSE FROM BACTERIAL CELLU-
LOSE FROM GLYCEROL-1,3-C1¢

Structure Structure

position % position %
1 12.7 4 28.9
2 3.7 B 3.0
3 21.7 6 30.0

Smaller quantities of C'* were found in the CO,
and cellulose with glycerol-1,3-C'* as the label
source than with glucose-C!* during the 7 day in-
cubation period. Most of the 87.4 mg. carbon as
CO, must have come from the oxidation of the
ethanol. The liquid products of the cultures con-
tained a large portion of the label. A. xylinum is
required to form cellulose from trioses in this case
and it may be the time required for the bacteria or
its enzyme system to produce sizable quantities of
cellulose intermediate (hexoses, hexose phosphates,
etc.) exceeds the 7-day period of the experiments.
Experiments (to be reported elsewhere) concerned
with the isolation of the cellulose intermediates
between glycerol-1,3-C!'* and cellulose formation
bear out this reasoning.

The label in the cellulose was distributed over
the six positions in the glucose units, with the
smaller quantities being in position 2 and 5.

Discussion

This paper presents data for the first time ou the
biosynthesis of cellulose-C!* from b-glucose-1-C!
added 24 hours after inoculation as compared with
that added initially. The delayed addition of
D-glucose-1-C!* produced a 10-129, higher con-
centration of the label in the original position 1.
These data indicate that polymerization of the
D-glucose, as such, without prior cleavage is favored
by adding the radioactive sugar after the bacteria
have initiated growth. No previous data have
been reported on the biosynthesis of cellulose-C!4,
and the position of label, utilizing p-glucose-6-C!*
or glycerol-1,3-C'*. The hydrolyzate of cellulose-
C!* fromn D-glucose-6-C'* showed that approxi-
mately 829, of the label was in the original posi-
tion 6. When glycerol-1,3-C!* was the sole carbon
source, the label was 129 position 1, 49, position
2, 2297 position 3, 299, position 4, 39} position 5
and 309 position 6.

In every case of cellulose biosynthesis studied,
some of the original hexose units are cleaved prior
to cellulose formation. The concentration of the
label in the original position depends on which of
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the six carbon atoms is labeled and on the time of
adding the radioactive sugar. Thus, the mecha-
nisms of cellulose polymerization is complex.
At least two major mechanisms appear from these
studies, (1) direct polymerization, possibly involv-
ing phosphorylation and (2) cleavage of the hexose
and resynthesis of hexose phosphates from trioses
such as glycerol. Hexose phosphates!? have been
isolated and identified as intermediates in the bio-
synthesis of cellulose from p-glucose, thus the rea-
son for suggesting these products as possible en-
ergy sources in the major mechanism of polymeri-
zation.

To summarize the research, a schematic repre-
sentation of the processes of cellulose formation
may be shown as

(12) Unpublished data,
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p-glucose-1, or 2, or 6-Cl4 —> Cellulose-Cl4 €<———4

J

Glyceraldehyde

v 1 v
Cl40, Dihydroxyacetone —> D-glucose-Cl4, phosphate

A cell-free enzyme system has been isolated
from A. xylinum capable of producing cellu-
lose-C'%.1* p-Glucose-1-C!* was polymerized to
cellulose and the hydrolyzate (D-glucose) analyzed.
Ninety-six per cent. of the label was found in posi-
tion one of the cellulose molecule.

(13) G. A. Greathouse, THiS JOURNAL. 79, 4503 (1957).
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The Chemistry of Rosewood.

Isolation and Structure of Anibine and

4-Methoxyparacotoin®

By WALTER B. MoRrs,?3 Otro RicHARD GOTTLIEB?® AND CARL DJERASSI
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From the wood of the South American rosewood trees (genus Aniba) there has been isolated a new alkaloid, CH,NOs,

which has been named anibine.
methoxy-6-(3/-pyridyl)-a-pyrone (IV).

By various degradations, in particular by alkaline cleavage, it was shown that anibine is 4-
A neutral companion substance of anibine, when subjected to similar reactions, was

proved to be 4-methoxy-6-piperonyl-a-pyrone (X) (4-methoxyparacotoin) and attention is called to the structural similarity

with the constituents of the closely related Coto barks.

The South American rosewood trees belong to
the Lauraceae family, and the derived essential oil
has long been an article of commerce.* The bo-
tanical identification has been confusing, and the
trees were once believed to belong to the genus
Ocotea.’ 1t is now accepted that the bois de rose
from French Guiana and adjacent areas is Aniba
rosaeodora Ducke and the Brazilian pdu rosa from
the lower Amazon basin Aniba Duckei Kostermans
(4. rosaeodora var. amazonica Ducke).” The
main constituent of the rosewood essential oil is
linalool, but a ready differentiation of the two spe-
cies is even possible on chemical grounds since the
essential oil from French Guiana is strongly levoro-
tatory while the Brazilian one is only slightly so or
even dextrorotatory.*

Aside from the essential oil, no chemical work
seems to have been done with these plants, and a
detailed examination of the composition of these
Amniba species was undertaken by one of us (0.R.G.)
The Brazilian Awniba Duckei Kostermans repre-
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sented commercial material from Manaus (State of
Amazonas) while a sample of Awniba rosaeodora
Ducke came from an isolated tree from the region
of the Amapari river (Territory of Amap4, Brazil).?
A number of products were isolated, and the pres-
ent paper is concerned with the alkaloid and one
of the neutral constituents, which were found in
both Aniba species.

Extraction of the rosewood sawdust with benzene
followed by removal of basic material with hydro-
chloric acid and basification yielded a single, crys-
talline alkaloid, m.p. 179-180°, in ca. 2.6% yield.
Its empirical formula, C,;H¢NQ;, immediately in-
dicated that it must differ considerably from the
few alkaloids (isoquinocline types) hitherto en-
countered among the Lawuraceae,’® and we have
named the substance ‘“‘anibine.” Functional group
analysis demonstrated the presence of one methoxyl
group and the absence of N-methyl or C-methyl
groups. Anibine contained no active hydrogen
atom and was optically inactive over the range
700-400 mpu. The alkaloid, though forming a
crystalline methiodide, hydrochloride and picrate,
was weakly basic and in fact could be removed
from hydrochloric acid solution by continuous ex-
traction with chloroform. The nitrogen atom was,
therefore, assumed to be part of a heterocyclic ring
which was not inconsistent with the ultraviolet

(8) The botanical identification was carried out by Dr. Arthur de
Miranda Bastos (Botanical Garden, Rio de Janeiro) and confirmed by
the rotation ([a]p —16°) of its essential oil.
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