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SUMMARY

A convenient method for degradation of 1 micromole of glu-
cose is described. The hexose is split enzymatically to triose
phosphate. In one half of this solution glyceraldehyde—-3-phos—
phate is converted engymatically to alkali stable 3-phosphogly-
cerate, in the other half, dehydroxyacetone phosphate to alkali
stable glycerol-3-phosphate. In each sample the ensymatically
unconverted triose phosphate is hydrolized by alkali to lactic
acid which is oxidized by ceriumIV to acetaldehyde and carbon
dioxide. Acetaldehyde is degraded further to todoform and for—
mie actd. The latter ig oxtidized to carbon dioxide.

The omitting of laborious chromatographic separation proce—
dures as well as the isolation of degradation products by two
step microdiffusion in a single vessel and their trapping by
reagents directly applicable for photometric quantification and
measurement of radiocactivity makes the procedure time saving
and eastly performable. These advantages compensate for the loss

of 50% of glucose carbon.

MATERIALS AND METHODS

In the course of our studles on the incorporation of 1“'C-las‘oelled
precursors into metabolites of rat brain in vivo it was necessary
to localize “‘c within the carbon skeleton of cerebral glucose, Its
presence in minimal amounts excluded the application of common
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chemical and miorobiological degradation methods, Already existing
enzymatio~ochemical microtechniques do not disoriminate between
individual carbon atoms /™1, 2_7 or are laborious due to chromatow
grapnic separation of intermediary products (/2_7 method b, / 3_7).
Independently from these methods we have worked out a procedure for
complete degradation of mioroamounts of glucose, The initlial steps
were used recently for orientation of the 140-distribution within
the glucose molecule / 4 7.

The procedure consists of the .following steps (fig. 1):
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Legend figure 1.
Schene of degradation procedure.

In parenthesis number of carbon atom of origional glucose,

1. the quantitative enzymatic splitting of glucose to DAP=F) and
GAP~hydrazones, their decomposition to free triose-Y;

2. in sample I of the dlvided triose~P solution, GA? is converted
enzymatically to alkali resistent 3PG, in sample II DAP %o
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alkali resistent G3P; in each sample the unchanged triose~P is
hydrolyzed to laotic acid;

3. the oxidation of lactle acid %o acetaldehyde and oarbon dioxide,
their separation by microdiffusion;

4, the oxidation of acetaldehyde to iodoform and formic =zcid,
isolation of iodoform by extraction and

5. f£inal oxidation of formic acid to carbon dioxide,

Procedure for 1/umole glucose in 1 ml of fluid.

1. Quantitative enzymatic splitting of glucose to triose~P [f5_7.

The gluocose was praeincubated for 5 minutes at 37°C with the
reagents listed in table 1 and the enzymes hexokinase and phospho=-
glucose isomerase, Fruotose-~6-P kinase and aldolase were added and
the reaction was stopped after 40 minutes by acidification with
perchloric acid to 0,3 N and perchlorate was removed as the
insoluble potassium salt. In the neutral supernatant the triose-
P-hydrazones were decomposed by shaking with benzaldehyde (3 x 1
ml). Benzaldehyde and benzaldehyde hydrazone were extracted with
diethylether (4 x 1 ml) and residual ether was removed by aeration,
The enzymatically controlled yield of triose-P was » 95 %,

2, Selective conversion of DAP in sample I and GAP in sample II
to lactic acid (enzymetic steps according to / 6_7 and [ 7.7).

The solution of triose~P was divided in 2 parts. A mixture of

0,5 ml pyrophosphate buffer pH 8.4 containing S/umoles sodium
pyrophosphate, 8 international units GAPIH, S/umoles sodium
arsenate, 2,umoles NAD and 3 ,umoles cysteine was preincubated for
7 minutes at room temperature. Then sample I was added and the
oxidation of GAP to 3PG proceeded over 15 minutes. Successive
alkalinization to 1 N with sodium hydroxide hydrolyzed DAP in 20

The f£ollowing abbreviations are used:

DAP = dihydroxyacetone phosphate; GAP = glyceraldehyde=3=phos
phate; triose~P = triose phosphate; GAPDH = D~glyceraldehyde=3=
phosphateadehydrogenase; 3PG = 3-phosphoglycerate; GIH = I~
glycerol=3~phosphateadehydrogenase; G3P = glycerol=3-phosphate.
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pinutes to lactic acid / 8_7. Sample II of the triose-P was added
to0 0.5 ml pyrophosphate pH 8.4 containing 5/umoles pyrophosphate,
2 umoles NADH and 4 international units of GDH. DAP was reduced to
G3P at room temperature within 5 minutes. Then GAP was hydrolyzed
to lactate as describved above.

Sample I and II were acidified with sulfuric acid to 0,2 N and the
precipitated enzyme proteins were centrifuged down. To remove
carbon dioxide, nitrogen was streamed through the sample for a few
minutes. The amount of lactate was completed to 1/umole by addition
of carrier lactate,

A1l subsequent steps were performed in an atmosphere and with
reagents free of carbon dioxide,

3. Oxidation of lactioc acid / 9./ and miorodiffusion of acetal-
dehyde and carbon dioxide in special diffusion vessel.

The vessel was prepared as outlined in legend of figure 2, Trapping
chamber 2 is closed, the cerium IV solution was tipped in and
mixed. Cerium phosphates precipitated out so that the final cerium
IV concentration was in the range of 0,015 molar, Oxidation and
mierodiffusion of acetaldehyde at 37°C was complete within 3.5
hours, Sucocessively trapping chamber 2 was opened and 1 was closed
and carbon dioxlde was absorbed from the color reagent at room
tenperature quantitatively over 2.5 hours.,

An aliquot of the semicarbazide solution was diluted 1:10 with
distilled water and the concentration of acetaldehyde semicarba-
zone was determined by measuring A224 am® The amount of trapped
carpon dioxide was determined by measuring the drop in A555 nm of
the color reagent.

Aliquots were transferred in the wvial for liquid scintillation
counting (for carbon dioxide alkaline scintillator is recommen—
ded).

4. Oxidation of acetaldehyde to iodoform and formic acid / 11_7.

The acetaldehyde semicarbazone was made alkaline by addition of
0,2 m1 1 N sodium hydroxide (dissociztion of the carbazone), The
sample was chilled in amn ice bath and with agitation was added

0¢1 N iodine in potassium iodide until a2 faint yellow color
rersisted. After 30 minutes the iodoform was extracted with heptane
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Legend figure 2,

Diffusion vessel (dimensions in mm).

liain compartment (glass, capacity 28 ml) with trapping chamber 2
(12, 3 ml) and side=bulb (1,2 ml),

Cover (polymethacrylate) with spindle and TC 1 (2,5 ml), Polished
contact planes sealed with mixutre of paraffin oil and wax (1:1).

Trapping reagent for acetaldehyde (/ 97, modified): semicarbazide
hydroohloride, 15 molar in destilled water, pH adjusted to 3.
Color trapping resgent for carbon dioxide / 10_/: 3 ml 0,1 molar
sodium carbonate and 6 ml 0,1 molar sodium bicarbonate mixed and
diluted to 100 ml with freshly doubly destilled water, To this
buffer solution 1 ;0 phenolphthalein in methanol is added until the
extinotion at 555 nm is about 0,9 (2ddition of approximately
150,ul indieator). The pH is adjusted to 9.8,

(re ml of semicarbazide reagent is brought in TC 1, 1 ml of color
reagent in TC 2. The side bulb contains 0.45 ml cerium IV soluti-
on (6 ¥ sulfuric aeid saturated with ceriumlv sulfate a2t room
tenperature).,
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(2 x 4 ml), To remove rgsidual iodine, the combined organic phases
were washed with 0,1 N sodium hydroxide (2 x 1 ml) and doubly

distilled water (3 x 2 ml), The amount of iodoform in the heptane
was determined by measuring A349 am (molar extinotion coefficient
2080). For measurement of radiocactivity, an aliquot was pipetted

into the sointillation liquid.

5, Oxidation of formic acid to ocarbon dioxide / 12_7.

The water phase was adjusted to approximately pH 3 with phosphoric
acld and residual iodine was extracted into heptane (5 x 2 ml),
Traces of oarbon dloxide were removed by bubbling through nitrogen
for a few minutes,

The sample was then placed in the main compartment of a Warburg
standard vessel whose center well contained 1 ml of 0,1 N sodium
hydroxide, To the formic acid solution were added 2 ml of 2 sus—
pension of mercuric oxide (1,25 g in 10 ml phosphate buffer pH 3)
and the closed vessel was placed in a water bath at 85°C, The
evolution and absorption of carbon dioxide was complete within 45
minutes, Successively, the sodium hydroxide from the center well
was transferred in the main compartment of a Conway dish (unit
No., 2) and acidified with O,4 ml & N sulfuric acid. Diffusion and
trapping of carbon dloxide in 1 ml color reagent proceeded as
desoribed (step 3).

Discussion
The degradation procedure desoribed compensates for a loss of 50 o

of glucose carbon in favour of:

1. avoidance of laborious separation techniques for intermediate
products., This enables one to keep the volumes of reaction
mixtures in all steps below 2,5 ml;

2, simple enzymatic control of yields in steps 1, 2, 3 and

3, termination of degradation at choice when Cw1+(=2, (=3, C=4 and
€=5+C=6 are directly applicable for determination of quantity
and radioaotivity.

The data in table 2 inform on the precision of discrimination
between the carbon atoms of glucose and lzctic zcid. The fixation
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of the aldolase products DAP and GAP as hydrazones provides for
quantitative splitting of the glucose present and protects against
triose~P isomerase as a possible contaminant in the enzyme solue-
tion of step 1. The equilibria of the enzymes involved in step 2
favour the conversion of DAP and GAP to the alkali resistent
compounds which 1s practically quantitative, When mixed with the
cerium IV reagent, no other substances present in the sample beside
lactate -~ cofaotors, coenzymes, adenine nucleotides and the alkali
stable C,~intermediates « evolve carbon dioxide or volatile
carbonyl compounds which reaot with semicarbazide, The trapping of
substantial amounts acetaldehyde by the alkaline color reagent -

in standard experiments 4 % 1,8 % '%C-acetaldehyde (N = 10) -
requires the initial diffusion of acetaldehyde when trapping chame
ber 2 is olosed, Traces of carbon dioxide which diffuse in the
semicarbazide reagent - in standard experiments 0.5 Xo0.8% (R =
8) =~ are eliminated by bubbling through nitrogen for a few seoconds.
With this colorimetric method, the recovery of carbon dloxide
standards was 101 £ 4,5 % in agreement with a quantitative trapping
of 14C—carbon dioxide in amounts up to 2 ,umoles,

The oxidation of acetaldehyde by hypoiodite gives maximal ylelds of
jodoform (94 £ 5 %, W = 10) only when the reagents were added
strictly in the manner described / 11_7. The yield of 88 £ 7 %
ecarbon dioxide (¥ = 10) from the oxidation of formic acid by
mercuric oxide could not be increased further.

Table 1

Reagents and enzymes for conversion of 1/umole glucose to triose~P
hydrazones.

Reagents (f£inal volume 1 ml) /umoles per ml
Phosphate buffer pH 6.5x) 15
lMagnesium chloride 10
Hydrazine sulfate 40
ATP-Na, 5

;‘&ZI’-Nagxx) 5



308 L.Hetey and K.Konitzer and S.Voigt

E&i!!ﬁﬁ?zx) international units
Hexokinase 14
Phosphoglucose isomerase 20
Fruotose~b~phosphate kinase (yeast) 6

Aldolase 6

Table 2

Validity of the 140-d1scrimination of specifically labelled glucose
and laoctic acid, Average values (n = 6).

relative per cent 140 in position
Substrate

1 2 3 4 5 6
[T-14¢7-g1ucose 100 0.5 1.8 1.5 0 2.8
[B-14cT-g1u00se 3.2 0 1.1 2.2 0.9 100
[T-14c71actate 100 0.5 0.5 - - -
[B-1407 1actate 0.8 100 1.1 - - -
[3-14g7-1actate 0.8  0u4 100 - - -

x)J?or fructose-6=phosphate kinase from muscle pH 7.5

xz)counteraoting the inhibition of fructose~b-phosphate kinase
by ATP

xxx)enzymes from C.F. Boehringer and Sochne, liannheim (Federal
Republic of Germany).
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