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ISOLATION OF MANNOHEPTULOSE AND IDENTIFICATION
OF ITS PHOSPHATE IN AVOCADO IEAVES!

Ao Nordal? and A. A. Benson

Radiation Laboratory and Department of Chemistry
~ University of Galifornia
Berkeley, California

March, 1954
ABSTRACT

Mannoheptulose accumulates in avocado leaves and occasionall& in the
fruit. Isolation of this sugar and perseitoi in good yield from avocado
leaves is described. Brief photosynthesis in 01402 produced labeled manno-
heptulose monophosphate as well as sedoheptulose moﬁophosphate and inter-
mediates of carbohydrate synthesis. It was hydrolyzed to free mannoheptu-
lose which was identified chromatographically. Paper chromatographic sepa-
ration of. borate complexes of these heptuloses and the hexoses has been

accomplished.

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

(2) Permanent Address, Pharmaceutical Institute, University of Oslo,
Oslo, Norway. ' ‘
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ISOLATION OF MANNOHEPTULOSE AND IDENTIFICATION

OF ITS PHOSPHATE IN AVOCADO LEAVES®
A, Nordal? and A. A, Benson

Radiation Labofatofy and Ibpartment of Chemiétry
University of California
Berkeley, California

The similarity of manncheptulose to sedoheptulose suggested that it
too might aléo be involved in fhe regeneration of the carbon dioxide
ggcgptor qf_phoposynthesis and in the phytosynthesis of carbohydrate and
aromatic compounds. Tﬁé stereostructures:of these heptq}o;gs grgwpg}gpeq_as
are Fhosehqf galactose and glucose. The natufe of the ;nter¢quer§iqgs of
tpg§e_?§qmeric pairs is noF yet”cleaply undergtogd._ MAQQngpyu;pseAhgq

bgen previously isolaﬁed from one variety of avocadon(?erséa gratis§ima,‘ o

var, Trapp) fruitB’h and we have found that it does not accumglgtg_?p §gyeral

p@he;§4 wItuhasnbgen i§entif§eqwin the dried root of Primula elatio‘r5 bu§

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 1% wet weight of
mggpopgppu}ogeov'It‘was isolated from deionized leaf extract by crystalliza-

tion from alcoholic solution after removal of hexoses by yeast fermentation.

(1) The work described in this paper was sponsored by the U,S, Atomic
Energy CommiSsion.

(2) Permanent Address, Pharmaceutical Institute, University of Oslo,
Oslo, Norway°

(3) ¥, B, LaForge, J. Biol. Chemo, 28 517 (1916). ,
(L) E. M. Montgomery and C, S, Hudson, J. Am, Chem, SOCo, 61, léSh (1939)

- (5) A, Nordal and D. 6lseth Acta Chem., Scand., 5, 1289 (1951).
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As‘sedoheptcloee ie‘appareﬁtly derived from its 7-phosphate inreedum
leaves it was éﬁSpected that-manﬁoheptulose monophosphate should be found
in avocado leaves. The labeled phosphory1ated products of photosynthesis in
Q}?Q@ were fractionated byrpaper>chrcmatography. The area containing sedo-
heptulése=T-: and glucose-6-phosphates gave 12% radioactive mannoheptulose
upon chrcmatOgraphy_of the phosphatase hydrolySate.

Gluccse aﬁd-menhoheptulose ccchromatographed in all the standard
SOlvents cSed for sugar separéticns.qn paper.“,Glucose; mannoheppuloseluw
ggqbeedoheptulose were therefo;e sepafated as‘bcraﬁe complexes in a butagc}-
"ephenc}fpc?ate:bcffered solvent.: Thefrelativejﬁglvalﬁes Qere 1;0; OQ?h‘and

0.5l respectively.

‘Bxperimental Part

Isolation of mannoheptulése, - Fresh avocado (seedling tree) leaves

(}§ k§f2fﬁe?e meecerated in Waring Blendors with threeeparis'cf cold’weter.f
?pe'pieegeAwas remoyedfpy_filtraticn_thrcugh,cheesecloth and the yellow-

p?qu aqueous solutidnlwas heaied ﬁq 80=90° for one hour to precipitate,
?gcyeipegu_gfter clarificationfby centrifuging,_the sclutionrwas evaporated
underfreduced preeSure'to 10 1itérs; .Much'cblor and'the ionic.consficuents
were removed by pas31ng through columns -of Dowex=50 and Duolite A3 1on exX-
c@aggempeS}g§y§895;QO @esh) The pale yellow effluate was concentrated @(h0°)
§9”§~?h§QW§¥??P“V?i°h wasbpixed gnth twclvolu@es-of'ethenclﬂat 70°.q“The‘vclu~_
minoés precipitate-of elimy and pectic substances ﬁes‘filtered off and
extracted twice with 1.5 1. of boiling 60% ethanol to extract any. coeprecle

pitated perse1t01, The combined alcoholic flltrates were concentrated to a

thick syrup (cas 40O g.) at_reduced~pressure, This was taken up in 800 ml,
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¢
boiling methanol and stored at 10° for crystallization of'perseitol6 which

continued several dayso

The crude perseitol was dissolved in a minimum volume of hot 80%
methanol, décolorized with charcoal; and allowed to crystallize. The yield
after one further crystallization was 55 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'sucroseo To remove these, the solution was
freed of methanol by evaporation to 2 1. and fermented with baker's yeast for
2/ hours at 37°. The yeast was filtered off and the alcohol and some water
rémoved by evaporatiom of reduced pressure. The residue was #gain diluted
with water and the fermentation repeated. After three such.fermentations,
the solution contained very little hexoég° 'The residue was concentrated

" in vacuo to a thick syrup and diluted with four volumes of hot methanol.

Almost pure mannoheptulose separated on cooling and was recrystallized from
85% methanol. The yield of pure mannoheptulose was 160 go; mopo. 150-152°;
with an appreciable amount of recoverable sugar remaining in the mother liquors.

Identification of mannoheptulose phosphate in avocado leaves. - The con-

centration of sedoheptulose~7-phosphate in many plants is near 10"'4 M and it
was suspected that mﬁnnoheptulose monophosphate concentration may be even lower.
Therefore, labeled intermediates of 6;402 reduction were prepared in the manner

generally used in this laboratory.’ After five minutes, photosynthsis in G140,

(6) % Ma%uenne,, Compt. rend,, 107, 583 (1888), Arm. Chim. Physo,,[éj, 19, 5
1890 o ’ ——— ) —

(7) A. A. Benson, J, A, Bassham, M. Calvin, T. C. Goodale, V. A, Haas and
W. Stepke, J. Am. Chem. Soc., 72, 1710 (1950).
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was stopped suddenly by plunging the leaf into 1iquid:"rv1itrogen° The frozen-
leaf was ground and the powder dumped into boiling“SO% ethanol for extrac~-
tion. Two-dimensional (phenol-water, butanol-propionic acid-water) chro-
matograms were prepared from such extracts. Glucose-6-phosphate and sedo-
heptulose-7=phosphgte are not generally separable in these solvents. Identi-
f?caﬁion of the sugars in this monophosphate area is accomplished by dephos~
phorylating with Polidase899 and rechromatography of the free sugars. Auth-
.entic glucose and mannoheptulose failed to separate in any of the usual solvent
systems used for sugars (phenol, butanol solvents,‘lutidineg collidine, etc.).
It was therefore necessary to adapt the separation of the borate complexeslofll
for the separation of this pair of sﬁgarso. Several n~butanol-ethanol-borate
buffer (pH 6=8) solvents were tested. The more concentrated buffers gave
good separation of glucose and mannoheptﬁlose but had a tendency to give several
sedoheptulose spots. The best solvent preépared was n»?utanol-AO Vot .ethanol
| 11 v.: borate buffer 19 v. (200 ml. Hy0, 12 25 go Na2B407°lO Hy0, 025 g H3B03)o
Tracer amounts of sugars or 40 ug. amounts separaﬁed on preequilibrated Whatman
. No. 1 paper after 40-48 hrs. descending development. The lower edge was ser-
rated to insure linear solvent flow. Heptuloses were detected with orcinol-TCA-

acetic acid reagent‘o-lz”l3 . Presence of the buffer required rore than one spray- .

ing to achieve maximum blue color. The mannoheptulose borate complex showed

(8) Schwarz Laboratories, 202 East 44th Street, New York.

(9) A. A Bensdn,‘Jo A. Bassham, M. Calvin, A. G. Hall, He Hirsch, S. Kawaguchi,
V. Lynch and N. E. Tolbert, J. Biolo Chem., 196, 703 (1952).

(10) S. S. Cohen and D. M. Scott, Science, 111, 543 (1950).
(11) R. Consden ané W. M. Stanier, Nature, 169, 783 (1952).

(12)" R. Klevstrand and A. Nordal,4méta Chem. Scand., 4, 1320 (1950).

(13) A: Bevenue and K. T. Williams, Arch. Biochem. Biophys., 34, 225 (1951),
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considerably more tendency to be adsorbed on the éellulose than those of
sedoheptulose or glucose. Forty hours development moved the mannoheptulose
24 cm. and the relative Ry values were glucose, 1.0; mannoheptulose, 0.74;
sedoheptulose, 0.54.

The ratio of glucose=6-phosphate concentration to mannoheptulose
monophosphate in the products of five minutes photoaynthesis (glucose is
probably 014 saturated) was found to be 8:1. Of the free mannoheptulose
in avocad§ leaves only a small fraction became iabeled during the five-minute
period. Nb>labeled mannoheptulose was detected among the otherwise normal
products of ten~seconds photosynthesis in 61402° A slow exchange between
free and phosphorylated mannoheptulose must therefore be assumed. Chromato-
graphic séparation of such relatively large amounts of glucoge is best accom-
plished after:removalvof most of the élucose by yeast férmentationo

Fermentation of glucose-mannoheptulose mixture eluted from chromatogram. =

Residual phenol and propionic acid from the eluted papef inhibitedﬂfermentationo
To the eluate of five "glucose" areas containing about 159000 CopPolle in 005 ml,
was added 5 mg. calcium carbonate and the mixture was boiled five minutes.
After cooling to 35°, O;l ml. of a fermenting mixture of baker's yeast in 2%
glucose and an additional pea-sized lump of yeast was added and kept in sus-
pension for 48 hours by frequent agitation. The solids were separated ty cen-
trifugation and washed several times with 0.5 ml. volumes of water. ‘The extracts
were concentrated and chromatographed. Mithout measurable diminution of heptu-
lose content the glﬁcose concentration had been reduced by about 90% which

allowed improved separation of mannoheptulose from the remaining glucose.
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,DISCUSSiON

- The occurrence of mannoheptp;oée”phosphatevsuggests that it is the
direct precursor of free manndheptulose iﬁ.avocado leaves and fruit. The
plant apparently transports the heptose as freely as it does the hexoses
and sucrose. Accumulation of free mannoheptulose in avocado fruits is
probably due both to its tranglocation with the hexosesband sucrose during
fruition and to the inability of the plant to utilize it as an energy and
material source in its synthesis ofvnew tissue,

Hudsonl4 felt that the heptulose played a promihent‘role in the meta-
bolism of the tissues in which they occur. He had inferred that hexose
metabolism in these tissues was negligible since fermentable sugars did not
accumulate., In view of our observation qf the normal sequence of the early
phosphorylated intermediatesvof photqsynthesis ih avocado leaves and the

. presence of consideratble ferméntable sugar, it seems only reasonable that
plants of this type do”not'have an unusual metabolic paftern which Hudson
supposed. ‘Their uniquéness lies rather in their particularly active manno=.
heptulophosphatase and/or inactive mannohéptulokinase which leads to accumu-
lation of heptulose. Heptulosé metabolism in these tissues may bevtermed
sluggish rather than particularly activeo Othey piants are known to have

such heptulokinase aqtivityl5 and it is almost ceftain»that sugar synthesis
and degradation proceeds only via phosphorylated intermediates. It is
entirely possible that mannoheptulosé phosphate may be a common metabolic

intermediate whose identity has escaped notice.

(14) C. S. Hudson, "Advances in Carbohydrate Chemistry, 1, p. 14, Academic
Press, New York, 1945.

(15) N. E. Tolbert and L. P. Zill, ATch. Biochem. Biophys, in press (1954).






