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tran from this same strain.'®®? Qur subsequent
preparations from this strain have contained 2 dis-
tinet structural types of dextran, one of which (frac-
tion L or L-R) apparently was identical with pre-
vious preparations and the other (fraction C or
S-R)* was an entirely new type having a high con-
tent of 1,3-like links. Characterization of dextran
products from 12 different colonies picked from a
plated culture of B-742 failed to reveal evidence of
variation or mutation in the culture. These prod-
ucts had somewhat different proportions of the 2
structural types, 1,6-links from 72-75%, and intrin-
sic viscosities near 0.20. The preparation reported
in Table I (heterogeneous group), which was ob-
tained from a large-scale fermentation of the origi-
nal culture, had a higher content of the anomalous
fraction and, therefore, showed lower 1,6- and
higher 1,3-like linkage contents and higher viscos-
ity and rotation.

The strains B-742 and B-1142 (class C) had a
common origin but different subsequent histories.
Our B-1142 dextran consisted almost exclusively
of the anomalous fraction. Apparently these cul-
tures have been changing, B-1142 more than B-742.

i52) Published information!! was the basis for pur identifying strain
NRRL B.7421 (“‘number 5’ of Hucker?’ and “‘culture 4" of Tarr and
Hibbert?*) with the strain whose dextran was subjected to methylation-
structure analysis by Levi, e/ ¢l.11 Another source (Ph.D. thesis of
I. Levi, McGill University, 1942) now has disclosed that this methyla-
tion study wasmade on dextran from either “culture 1'" or “‘culture 2.7¢
Fowler, ef al.,5 and later T. H. Evans (Ph.D. thesis, McGill University,
1941}, carried out methylation-structure analysis on dextran from “‘cul-

ture 4" but obtained results almost identical with those obtained by
Levi, ¢f al., on the other dextran.!l
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A similar change in another strain is indicated by
published data'®?® and by our results on dextran
from this strain (B-1375, Table I, class C).

Bacterial Classification and Dextran Type.—The
fact that methylation analysis gave no evidence of
branching in dextrans from 2 strains of Leucono-
stoc dextranicum™®1% has led to the apparent ex-
pectation that all such strains would produce es-
sentially a straight-chain type of dextran.”* Our
observations indicate that although several of our
strains of L. dextranicum produced dextrans with
low percentages of non-1,6-links and long gums
(B-640, -1145 and -1146), others produced dex-
trans with high percentages of non-1,6-links and
short gums (B-1420, -1141 and -1375). Dextran
B-1193 had 959 1,6-links, but short gum.
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(33) S. A. Barker, E. J. Bourne, G. T. Briice and M. Stacey, Cheni-
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Biosynthesis of C'¢-Specifically Labeled Cellulose by Acetobacter xylinum.

II.

From p-Mannitol-1-C!* with and without Ethanol!
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Cellulose-C '+ was biosynthesized by .dcetobacter xylinum employing p-mannitol-1-C!* as the sole labeled nutrient.

Label

distribution in the p-glucose from the bacterial cellulose showed 84-969, of the activity was located at positions 1 and 6,

with the residual activity being at positions 2 to 3.
Dp-Mannitol became oriented in the cellulose.

These data indicate that some of the scission products from the original
The labeled cellulose had lower specific radioactivity than the p-maunnitol-1-

C!4 supplied. The presence of ethanol in the culture media, although it increased the yield of cellulose as well as its C*
content, did not affect the distribution of the label among the carbons of the glucose making up the cellulose.

Introduction

This paper is the second in a series concerned
with the ability of Acetobacter xylinum to produce
cellulose-C!* from various substrates, possibly
providing some information regarding the mech-
anisms involved in cellulose formation. Presented
are results of experiments in which D-mannitol-
1-C' was the sole labeled additive to a medium
suitable for the organism to produce cellulosic
pellicles. Analyses reported include the distribu-
tion of the Ct-label among the various culture
products as well as the spread of radioactivity in

(1) This series of papers is based on work supported by tlie Atomic
Energy Commission under contract AT(30-1)-915 with the Harris

Research I.aboratories.
i2) Natinnal Research Couneil, Washiugton 25, D, C

the purified glucose from the - hydrolyzed C'i-
cellulose.
Experimental

Culture Conditions.—The cultures were grown in media
containing 0.39, of KH,PO, plus other ingredients, as shown
in Table I. Each culture was inoculated from actively
growing stock. Culture 5 was incubated at 30° and har-
vested 7 davs following inoculation; while the others were
growi at room temperature (20 to 25°) and harvested 14
days after inoculation. The culture vessel, including ac-
cessory apparatus for collecting CO,, was the same as that
previously described.?

Analyses.—The methods for purifying the cellulose and
for determining the Cli-content of culture fractions were
identical with those described in the preceding paper of this
series.? Except for the procedure involving lactic acid

(3} ¥. W. Minor, G. A, Greathouse, H. (5. Shirk., A. M. Schwartz anl
AL Haress, Turs Jovrsan, T6, 1538 41051,
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TaBLE I
CuLTURE MEDIA

Yeast extract, Ethanol, p-Mannitol,
Culture % % A
1 1 None 2
2 1 0.76 2
3 0.5 None 1
4 0.5 0.76 2
5 0.5 0.76 1

fermentation? applied in part to the cellulose from culture
4, the methodology for determining C!4-distribution in the
glucose units making up the cellulose was similar to that as
previously described.?

Results and Discussion

The yields of culture products and the quantities
of C* found in the carbon dioxide and cellulose
are given in Table II. In view of prior evidence®
that other possible carbon sources in the media do
not significantly contribute to cellulose formation,
cellulose yields are calculated as the percentage of
the weight of mannitol supplied. Experiments
recently reported with labeled ethanol® established
conclusively that none of the carbon of the alcohol
nor any carbon in fragments thereof appears in the
final cellulose. Carbon dioxide yields, on the other
hand, are expressed as percentages of the combined
carbon contents of the mannitol and ethanol when-
ever the latter was added. The Cl¢yields are ex-
pressed as percentages of the total radioactivity
added as D-mannitol-1-C14,

TABLE II
YI1ELDS oF CULTURE ProDUCTS AND DISTRIBUTION oF Cl4
Total
raggﬁ- Cellulose Carbon dioxide
activity . Cld Wt. Cla
Culture added, yield, yield, yield, yield,
no. HC. T % % %
1 2.48 21.2 16.1 62.7 60.9
2 (Ethanolic) 2.48 34.0 28.0 69.0 56.1
3 25.6 17.2 8.6 61.8 60.1
4 (Ethanolic) 9.85 18.5 11.9 52.0 48.8
5 (Ethanolic) 89.4 4.6 2.1 80.3 75.0

Cultures 1 and 2 (Tables I and II), differing
only in ethanol content, were grown to ascertain
what influence on Cl4-distribution is exercised by
the presence of ethanol in the media. These were
purposely inoculated from the same stock culture
and incubated simultaneously so as to minimize
all possible variables. Comparison of the cellulose
weight data from these two cultures demonstrates
the customary increase due to the presence of the
ethanol® and in addition shows that a significantly
larger proportion of the C!4-label appears in the
cellulose. Although the weight yield of CO, is
increased by the addition of ethanol, it is to be
noted that the quantity of C! resulting in this
respiratory product is lowered. Since the per-
centage recovery of C!4 in the CO, from the etha-
nolic cultures 2 and 4 was significantly lower than
that found in the non-ethanolic cultures 1 and 3,
it may be concluded that the presence of ethanol

(4) H. G. Wood, N. Lifson and V. Lorber, J, Biol. Chem., 189, 475
(1945).

(5) H. L. A. Tarr and H. Hibbert, Can. J. Research, &, 372 (1930).

(6) G. A. Greathouse, H. G, Shirk and F. W. Minor, TH1S JOURNAL,
76, 5157 (1954).
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spared D-mannitol from oxidation permitting a
greater proportion to be utilized for cellulose bio-
synthesis. As was generally found with the Dp-
glucose-1-C!¢  culture work already reported,?
whenever oxidation of the substrate was of a high
order, indicated by the level of CO, produced, the
concomitant yield of cellulose was usually of a small
magnitude.

From the specific radioactivity values (C!*-
content per milligram of carbon) presented in
Table III, it can be seen that the activity of the
cellulose is lower than that of the original D-
mannitol. Also, the presence of ethanol in the
medium increased the specific radioactivity of the
cellulose. The specific activity of CO; in the non-
ethanolic cultures 1 and 3 is approximately equal to
the activity supplied by the D-mannitol-1-C!#,
whereas the addition of ethanol to the medium
lowered the specific activity of the CO, confirming
this observation already noted in Table II.

TaBLE 111
SPECIFIC RADIOACTIVITIES
D-Mannitol- Ratio cellulose
1-Cu¢ Cellulose CO2 carbon sp. act.
Culture supplied, produced, produced, to mannitol
no. pc./mg. C  ue./mg. C ug./mg. C carbon sp. act.
1 0.0312 0.010 0.030 0.32
2 (Ethanolic) .0312 .025 .017 .80
3 .64 .320 .630 .50
4 (Ethanolic) .121 .074 .063 .61
5 (Ethanolic) .38 .170 .180 .46

In Table IV are presented the distribution
patterns of C! in the p-glucose obtained by hy-
drolysis of the radioactive cellulose from cultures
3,4and 5.

TaBLE IV
LABEL DISTRIBUTION IN D-GLUCOSE FROM RADIOACTIVE

BacTERIAL CELLULOSE
Culture supplied, %

D-Mannitol-

p-Mannitol-1-C1¢ 1.C14

Carbon p-Mannito]-1-C14 and ethanol and ethanol
position (No. 3) (No. 4) (No. 5)

1 34.9 34.2 49.0
2tob 15.4 17.2 ..

6 49.4 (50.2)° 47.5(49.9)° 47.0

a Calculated from result of direct determination of C!* at
positions 1 to 5 (lead tetraacetate oxidation of p-glucose).

The major portion of the label was found at
positions 1 and 6, as might be expected in view of
the symmetry of the p-mannitol molecule and its
presumed oxidation to D-fructose-1- and/or -6-C!.
Frush and Isbell” took advantage of this oxidative
characteristic as found in another species, Acefo-
bacter suboxydans, and prepared D-fructose-1-
and/or -6-C! from mannitol-1-C14. As shown in
Table 1V, significant quantities of label in the glu-
cose are to be found in the intermediate carbons 2
to 5, inclusive, indicating that scission products
became somewhat involved in the biosynthesis.
It is interesting to note the significant lack of C
in carbon positions 2 to 5, inclusive, for the cellulose
from culture 5 which was cultured for only a 7-day
period. It is equally interesting that cultures 3
and 4, differing in absence or presence of ethanol in

(7) H. L. Frush and H. S. Isbell, J. Research Natl. Bur, Standards,
51, 167 (1953).
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the medium, invoked no significant effect on the
C!4 distribution in glucose.

Although sufficient supporting evidence is lacking
at this time, the distribution pattern data for the
glucose resulting from the hydrolysis of the cellulose
from culture 5 provides some indication for the
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hypothesis that cellulose formation even wia the
involved pathways inherent in bacteria is primarily
a biosynthesis by direct polymerization.
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Isolation of Mannoheptulose and Identification of its Phosphate in Avocado Leaves!

By A. NorRDAL AND A. A. BENsON
RECEIVED APRIL 2, 1954

Mannoheptulose accumulates in avocado leaves and occasionally in the fruit.

Isolation of this sugar and perseitol in

good yield from avocado leaves is described. Brief photosynthesis in C*O, produced labeled mannoheptulose monophos-

phate as well as sedoheptulose monophosphate and intermediates of carbohydrate synthesis.
mannoheptulose which was identified chromatographically.

these heptuloses and the hexoses has been accomplished.

The similarity of mannoheptulose to sedoheptu-
lose suggested that it too might be involved in the
regeneration of the carbon dioxide acceptor of
photosynthesis and in the phytosynthesis of carbo-
hydrate and aromatic compounds. The stereo-
structures of these heptuloses are related as are
those of galactose and glucose. The nature of the
interconversions of these isomeric pairs is not yet
clearly understood.

Mannoheptulose had been previously isolated
from one variety of avocado (Persea gratissima, var.
Trapp) fruit®>® and we have found that it does not
accumulate in several others. It has been identi-
fied in the dried root of Primula elatior* but may
not occur widely in the plant kingdom. Avocado
leaves appear to be a more reliable source of this
sugar. They contain 0.5 to 19, wet weight of
mannoheptulose. It was isolated from deionized
leaf extract by crystallization from alcoholic solu-
tion after removal of hexoses by yeast fermentation.

As sedoheptulose is apparently derived from its
7-phosphate in sedum leaves it was suspected that
mannoheptulose monophosphate should be found
in avocado leaves. The labeled phosphorylated
products of photosynthesis in C!O, were fraction-
ated by paper chromatography. The area con-
taining sedoheptulose-7- and glucose-6-phosphates
gave 129, radioactive mannoheptulose upon chro-
matography of the phosphatase hydrolysate.

Glucose and mannoheptulose cochromatographed
in all the standard solvents used for sugar separa-
tions on paper. Glucose, mannoheptulose and
sedoheptulose were therefore separated as borate
complexes in a butanol-ethanol-borate buffered
solvent, and the relative R; values were 1.0, 0.74
and 0.54, respectively.

Experimental Part

Isolation of Mannoheptulose.—Fresh avocado (seedling
tree) leaves (18 kg.) were macerated in Waring Blendors
with three parts of cold water. The tissue was removed

(1) The work described in this paper was sponsored by the T.S.
Atomic Energy Commission.

(2) F. B. LaForge. J. Biol. Chem., 28, 517 (1916).

(3) E. M. Montgomery and C. S. Hudsnn, THIs JourNaL, 61, 1654
(1939).

(4) A. Nordal and D). Oiseth, Actu Chem. Srand., 5, 1289 (1951).

It was hydrolyzed to free
Paper chromatographic separation of borate complexes of

by filtration through cheesecloth and the yellow-brown
aqueous solution was heated to 80-90° for one hour to pre-
cipitate proteins. After clarification by centrifuging, the
solution was evaporated under reduced pressure to 10 1.
Much color and the ionic constituents were removed by
passing through columns of Dowex~50 and Duolite A3 ion-
exchange resins (80-100 mesh). The pale yellow effluent
solution was concentrated (< 40°) to a thin sirup which was
mixed with two volumes of ethanol at 70°. The volumin-
ous precipitate of slimy and pectic substances was filtered
off and extracted twice with 1.5 1. of boiling 609, ethanol to
extract any coprecipitated perseitol. The combined alco-
holic filtrates were concentrated to a thick sirup (ca. 400 g.)
at reduced pressure. This was taken up in 800 ml. of boil-
ing methanol and stored at 10° for crystallization of persei-
tol® which continued several days.

The crude perseitol was dissolved in a minimum volume
of hot 809, methanol, decolorized with charcoal, and allowecl
to crystallize. The yield after one further crystallization
was b5 g., m.p. 187-188°.

Paper chromatographic examination of the mother liquor
from the crude perseitol showed that the solution contained
mannoheptulose and copious amounts of fructose, glucose
and sucrose. To remove these, the solution was freed of
methanol by evaporation, diluted with water to 2 1. and fer-
mented with baker’s yeast for 24 hours at 37°. The veast
was filtered off and the alcohol and some water removed by
evaporation at reduced pressure. The residue was again di-
luted witli water and the fermentation repeated. After
three such fermentations, the solution contained very little
hexose. The residue was concentrated ¢z vacuo to a thick
sirup and diluted with four volumes of hot methanol. Al-
most pure mannoheptulose separated on cooling and was re-
crystallized from 859, methanol. The yield of pure man-
noheptulose was 160 g., m.p. 150-152°, with an appreci-
able amount of recoverable sugar remaining in the motlier
liquors.

Identification of Mannoheptulose Phosphate in Avocado
Leaves.—The concentration of sedohepttulose-7-phosphate
in many plants is near 107 M and it was suspected that
mannoheptulose monophosphate concentration may be
even lower. Therefore, labeled intermediates of C!4Q, re-
duction were prepared in the manner generally used in this
Laboratory.t After five minutes, photosynthesis in CHO»
was stopped suddenly by plunging the leaf into liquid nitro-
gen. The frozen leaf was ground and the powder dumped
into boiling 809, ethanol for extraction. Two-dimensional
(plienol-water, butanol-propionic acid-water) chromato-
grams were prepared from such extracts. Glucose-6-phos-
phate and sedoheptulose-7-phosphate are not generally
separable in these solvents. Identification of the sugars in
this monophosphate area is accomplished by dephosphoryl-

(3) L. Maquenne, Compt. rend., 107, 583 (1888); Awun.chim. phys,
(6] 19, 5 (1890).

(6) A. A, Benson. J. A. Bassham, M. Calvin, T. C. Gowlale, V. A,
Haas and W. Stepka, TH1s Jour~at, 72, 1710 (1950,



