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A striking feature of the oviduct chromatogram is the predominance of uridine nucleotides.
For example, adenosine triphosphate has not been found, and the amount present must be cxtremely
small compared to any one of the uridine nucleotides. A major function of oviduct is the synthesis of
glycoproteins containing N-acetylglucosamine and mannose®* *. Tt also contains mucopolysaccharides
(including both hyaluronic acid and chondroitin sulfate!®). These facts suggest that these nucleotides
may be the means of activation of glycosyl residues for incorporation into protein, and for synthesis
of some mucopolysaccharides.
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* A mannose containing nucleotide, guanosine-5” pyrophosphate mannose, has also been identified
in oviduct (J. L. STROMINGER, Federation Proc., 13 (1954) 307). This compound is identical to the
compound isolated from yeast by CaBis AND LELOIR (J. Biol. Chem., 200 (1954) 779).

Effect of substrate structure on the aldolase equilibrium*

The purpose of this communication is to call attention to a relationship between the structure
of the aldehyde component and the equilibrium constant of aldolase reaction systems.
In the aldolase reaction

(1) p-3-phosphoglyceraldehyde -+ dihydroxyacetone phosphate = p-fructose-r1,6-diphosphate

various aldehydes may replace 3-phosphoglyceraldehyde (GAP) but dihydroxyacetonephosphate
(DAD’) appears to be specifict-2.3.4.5 When “‘foreign” aldehydes react with DAD, corresponding
ketose-1-phosphates are formed (i.e. p-fructose-1-phosphate from p-glyceraldehydel:? and p-xvlulose-
1-phosphate from glycolaldehyde®). MEYERHOF ¢f all observed that the aldolase reaction was fully
reversible with GAD or acetaldehyde. On the other hand, fructose-1-phosphate, readily formed from
D-glyceraldehyde and DA’ in muscle extracts, was not detectably split when added to such extracts,
suggesting “‘irreversible’” formation. More recent work?6 has shown that crystalline muscle aldolase
does effect some cleavage of fructose-1-phosphate which is greatly enhanced by trapping or enzymic
removal of reaction products.

We have examined the effect of “foreign’” aldehydes on the equilibrium system resulting from
the action of aldolase 4 isomerase on fructose-1,6-diphosphate. The course of the reactions toward
new equilibria was followed by estimating DAP. other ketose-1-phosphates, and free aldehydes!. 7.5,
EFrom the new equilibria reached the aldehvdes tested fell into two categories: (A) aldehydes causing
complete disappearance of DAP from medium (pL-glyceraldehyde, g-hydroxypropionaldehyde, and
B-hydroxybutyraldehyde); and (B) aldehydes which caused establishment of a new equilibrium in
which significantly large amounts of DAP remained (formaldehyde, acetaldehyde, propionaldchyde,
B-methoxypropionaldehyde, pL-lactic aldehyde, and p-glyceraldehyde-3-phosphate).

If the “foreign’’ aldehydes condense with DAP in strict analogy with the “natural” aldolase
reaction (no exceptions are known to date) then it is seen that the new ketose-1-phosphates formed
from aldehydes of group (A) may exist in the stable pyranose configuration since a free hydroxyl
group is present at carbon 6 (i.e., D-fructose (L-sorbose) 1-phosphate from bpL-glyceraldehyde;
5-desoxyfructose-1-phosphate from f-hydroxypropionaldehyde, etc.). However, the ketose-r-phos-
phates produced from aldehydes of group (B) have no hydroxyl at carbon 6 and must exist as the
less stable furanoses, or as acyclic structures (i.e. fructose-1,6-diphosphate from p-glyceraldehyde-
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3-phosphate; 3,0-didesoxyfructose- t-phosphate from propionaldehyde, efe.). These findings thus
suggested that thermodynamic stabilization afforded by formation of cyclic hemiacetal forms of
the aldol product is a major factor atfecting the equilibrium constant of aldolase reaction systems.

To test this tdea crystalline muscle aldolase, free of triose phosphate isomerase, was allowed
to act on three representative 6-carbon ketose-1-phosphates of known high purity: the pyranose
fructose-1-phosphate  (synthetic??), the furanose fructose-1,6-diphosphate  (chromatographically
purified!®), and the presumably wevelic 5,0-didesoxyfructose-1-phosphate  (prepared enzymically
and isolated as crystalline Ag salt!?). The cquilibrium constants (N} were determined by following
the reactions in the direction of cleavage by measuring formation of alkali-labile I’ or free aldehyde?
(Table 1).

TABLE 1
ALDOLASE EQUILIBRIUM CONSTANTS

Probahle

Substrate conficuralion K
n-1'ructose-t-phosphate Pyranose 2810 8]
bp-fructose-1,06-diphosphate I‘uranose 118 1071 A/
5,0-didesoxyfructose-1-phosphate Open chain 6.9- 1073 3/

Reaction systems contained substrates in range from 0.000 to o.030 M and from 0.13 to 3.3 mg
crystalline isomerase-free aldolase per ml at pH 7.0. Temperature, 37", Figures are averages from
at least 3 experiments run to apparent cquilibrium. The considerably greater extent of cleavage
of fructose-1-phosphate seen by Hrrs anp Kusaka® could not be confirmed with our synthetic
sample.

It is clear that A q for the three substrates varies in accordance with the generalization made
above. The sugar having the most stable configuration (pyranose), fructose-1-phosphate, showed
an extent of cleavage at apparent equilibrium which was very slight but casily measurable. N for
fructose-1,0-diphosphate, the most stable possible form of which is furanoid, agreed well with values
already reported® 11; it is nearly two orders of magnitude higher than that of fructose-1-phosphate.
Koq for 5,0-didesoxyfructose-1-phosphate, which can exist only in the open-chain form (or as a very
unstable four- or three-membered cyclic hemiacetal) is substantially higher than that of fructose-
1,0-diphosphate, in good agreement with Koy for cleavage of s-desoxyxylulose-r-phosphate (also
acyclic) caleulated from data given by MEvErRHOF!H.

The aldolase equilibrium may thus consist of two separate reversible reactions: (a) enzymic
aldolization of dihydroxyacetone phosphate and an aldehyde to yield an open-chain ketose-1-phos-
phate, and (b) formation of pyranose, furanose, or other, less stable, ring forms from the open-chain
structure. The latter reaction probably occurs non-enzymically, although enzymic catalysis is not
excluded. The formation of the stable pyranose ring is thus an cHective “trap’’, accounting for the
relative “irreversibility” of formation of fructose-1-phosphate in the aldolase system. Only when
the cleavage products arc removed, either enzymically or by carbonyl trapping agents, is fructosc-
1-phosphate readily and extensively dealdolized.

K¢y for the three substrates tested should reflect the relative thermodynamic stability of
pyranose, furanose, and open-chain forms of {ructose-1-phosphate, for which no direct measurements
have been reported. Aqueous fructose solutions at equilibrium (207) contain about 809, pyranose,
and 209, furanose'®13.14 The equilibrium concentration of open-chain form is less certain, but
calculations based on the few data available!® 16,17 suggest an amount of the order of 0.1 9. I the
equilibrium concentrations for pyranose, furanose, and acyclic forms of fructose-1-phosphate are
assumed to be approximately similar to those of fructose, then the equilibrium constants listed in
Table I differ from each other in the expected directions and by magnitudes consistent with the
explanation offered.

The foregoing thermodynamic interpretation of the aldolase equilibrium is based on the energy
content of the initial and final states. It is therefore independent of the source or substrate speci-
ficity!® of the enzyme or catalyst, the rates of the reactions involved, and the reaction mechanism.
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Calcium citrate in an insect

The vothecace of all Praying Mantids so far examined contain small rectangular crystals adhering
to or embedded in the protein membranes of which the ootheca is formed. The crystals originate
in a large gland located in the body wall of the seventh ventral sternite or sub-genital plate, and are
added to the secretions from the colleterial glands at the time of laying. The purpose of this note
is to describe the chemical nature of the crystals, cach of which is contained in a protein envelope
of complicated structure.

Under the microscope the crystals within the ventral body-wall gland appear identical with
those found in the oothecae. They vary in size but average dimensions are 5 < 3 < 1 g, and when
allowed to settle on a slide they appear rectangular and strongly birefringent with the optic axis
at about 45”7 to the edge of the crystals. Sometimes the crystals have cleaved parallel to the long
cdge and these thin plates lic on their sides. In this view they are trapeziform and are birefringent
with the optic axis in a plane parallel to the long edges of the crystal. Just before laying, the gland
is packed full, i.e. there is a volume of several cubic mm of crystals. Within the gland a few crystals
of another substance were observed, having no birefringence and a more clongated form.

By X-rays and infra-red the crystals have been identified as calcium citrate. By reaction of
calcium chloride and sodium citrate insoluble citrates were obtained that had a variety of structures
according to X-ray and infra-red tests. The calcium citrate identical with the crystals in the insect
was formed when 150 ml o.1 M calcium chloride was mixed with 1oo ml o.t A/ sodium citrate and
allowed to stand in a tall cylinder, whereupon the calcium citrate slowly precipitated. This precipitate
was washed, dried in air, and the rate of dehydration followed over 1’,0;. Changes in the vapour
pressure occurred at weights corresponding to the hexahydrate and the tetrahydrate, while heating
at 1007 C gave an approximately anhydrous product. Three types of X-ray powder diagram were
obtained corresponding to the hexahydrate, tetrahydrate and the anhydrous form as just defined.
On the basis of their X-ray diagram and infra-red absorption the crystals produced by the Mantis
were identified as the hexahydrate.

Several things arc noteworthy concerning these crystals. They are formed within protoplasmic
membranes. They show that a biological mechanism exists for a verv great concentration of citrate
as calcium citrate. ‘These special devices suggest that the citrate plays an important part in the
transformation of the colleterial gland protein into the highly characteristic ribbon-like clements
of the ootheca. In most respects the Mantis ootheca ditfers markedly from the better known cockroach
ootheca; but we may recall that the left colleterial gland in the cockroach contains the structural
protein of the ootheca and large quantities of calcium oxalate!. The function of this calcium oxalate
is unknown—-suppression of calcium ions is one possibility. In contrast, the Mantis shows no oxalate
(or citrate) crystals within the colleterial glands, but caleium citrate is added from a separate gland
during production of the ootheca.
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