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With the p-amino acid oxidase test it was shown that flavin-adenine dinucleotide is the
prosthetic flavin of Y, Y, and ETI**, Small amounts of iron were consistently found in Y, and
ETFE at a ratio of one iron to six or more flavins. The significance of this small amount of iron is
not clear. No other metals were found in the flavoproteins at a significant level, except for copper in (.
In view of the findings reported above the actual role of copper in GG will have to be reinvestigated.

G, Y, and Y, can be separated and prepared in high purity from an extract of mitochondrial
acetone powder in one procedure involving only seven steps. E'TF of high purity is obtained in a
separate four step procedure from the same source. Details of these procedures, spectral charac-
teristics and criteria of purity of the new flavoproteins will be reported elsewhere.

The authors are grateful to Dr. D. E. GREEN for his constant interest and advice, to Mrs,
MILDRED VAN DE BoGART and Mr. RoBeRrT .. SEARLS {or skilled technical assistance, and for financial
support from the Nutrition Foundation and a rescarch grant, G-4128, from the National Heart
Institute of the National Institutes ol Health, Public Health Service.
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e ; . arli - G ivers.?
Similar results had been reported earlier for G from beef livers.7.
*** Post-doctoral trainee of the National Heart Institute of the National Institutes of Health,

The occurrence of a direct oxidative pathway of carbohydrate metabolism
in the fly Musca domestica L.

The carbohydrate metabolism of Diptera has been shown to be similar to that found in other
animals. In this group of insects, the oxidation of glucose to CO, and water is mediated by the
universally accepted glycolytic scheme! and citric acid cycle®. An investigation of the metabolism
of the flight muscles of the housefly has revealed the presence of another route by which glucose
may be metabolized. This alternative direct oxidative pathway appears to be essentially similar
to that operating in higher animals® 8 and plants®.

The enzymic activities of glucose-6-phosphate dehydrogenase and O-phosphogluconate de-
hydrogenase were assayed spectrophotometrically according to GLock aAND Mc LEANS. The reactions
proceed as follows:

. - Glucose-6-phosphate =

(1) Glucose-b-phosphate - TPN ——— - .oe—— > 6-phosphogluconate ' TPNH,

dehydrogenase “

e O-phosphogluconate . -
(2) 6-phosphogluconate | TPN - —= ~———- ——-—-— ribulose-5-phosphate +4- CO, | TPNLH,
) dehydrogenase -

Fig. 1 indicates that both dehydrogenases were active in the presence of their respective substrates.
When to the system was added lactic dehydrogenase which is capable of reacting with TIPNH,®
pyruvate was rapidly reduced due to the oxidation of TPNH,. It can be seen that glucose-6-phosphate
dehydrogenase is approximately twice as active as O-phosphogluconate dehydrogenase. I3oth enzymes
were specific for TPN.

The reaction mixture with 6-phosphogluconate as substrate accumulated a product which
reacted positively on the orcinol test and was probably a pentose.

The breakdown of ribose-s-phosphate to sedoheptulose-7-phosphate is catalyzed by pentose
phosphate isomerase and transketolase®.*. Sedoheptulose-7-phosphate is then converted to hexose
monophosphate by transaldolase®. The activity of transketolase was measured according to HORECKER
et al*. The reaction proceeds as follows:
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(3) Ribulose-5-phosphate —> Triosephosphate + “active glycolaldehyde”
(4) Triosephosphate - DPNH, — u-glycerophosphate ++ DPN

Overall reaction: o - ’ -

Ribulose-5-phosphate 4- DI’NH, — a-glycerophosphate -f- DPN + “active glycolaldehyde”

Because these insects possess an active a-glycerophosphate dehydrogenase!, DIPNH, should be
oxidized if triosephesphate is a product of pentose breakdown. The data in Fig. 2 indicate an active
transketolase as measured by the rapid oxidation of DPNH, in the presence of ribose-5-phosphate
which was probably first converted to ribulose-5-phosphate by pentose phosphate isomerase.

40 .M Na PYRUVATE

0.24mg LACTIC
DEHYDROGENASE

Fig. 1. Glucose-o-phosphate and 6-phospho-
gluconate dehydrogenase activities of housefly
muscle homogenate. The reaction cuvette
contained 6o Al of MgCl,, 0.26 ¢M of TPN,
450 1M of glyeyvlglycine butter pH 7.6, 0.4 ml
of housefly homogenate (2.9 mg dry wt) and
mn: Loz el oof G-6-1 and g udM 6-P-G; 11
9 M 6-P-G; THL No substrate; 1V, Glucose-
O-phosphate  dehydrogenase  corrected  for
O-phosphogluconate dehydrogenase activity
(I 11). Total volume was 3.0 ml. The reaction
was run at 257 C and measurements were
made in a Beckman DU spectrophotometer.
The tissue was prepared by homogenizing 50
thoraces of 3-day old female flies for 1 minutes
in cold 0.9% KCI solution, filtering through
muslin and centrifuging at 3s500¢ for 1o
minutes. The clear supernatant was used.

INCREASE IN OPTICAL DENSITY({340m )
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TIME (MINUTES)

000G TABLE T
3, ool STOICHIOMETRY OF RIBOSE-5-PHOSPHATLE CONVERSION
E s . . . .
o I'he reaction mixture contained g A7 ribuse-s-phosphate,
N 002 76 M of glycylglycine butfer pH 7.4, 300 ud of MgCl,,
N 3.0ml of tissue (21.6 mg dry wt) and enough water to
:‘,:, 003 make total volume of 15.0 ml. The incubation period was
z 3o min at 25" C. All values were corrected for endogenous
o 004 activity. The homogenate was prepared in distilled water
3 as already described omitting the centrifugation. Fifty
2 005 thoraces irom newly emerged flies were used.
a
© o006 )
z ibose-5-phosphate consumec 2.0 .
z Ribose-5-phosphat 1 oM
Y o507 Triose 101'm<e(l 1.8 M
g Heptulose formed 1.3
Z 008 Hexose formed 2.8 uM
w
o
009
TIME (minutes) I'ig. 2. Transketolase activity of housetly muscle homo-

genate. The reaction cuvette (curve I1) contained 20 pM

of MgCl,, 6 uM of cysteine hydrochloride, 0.4 @M of thiamine pyrophosphate, 0.3 M DPNH,,

12.5 pdoof ribose-s-phosphate, 192 puM of glycylglycine buffer pH 7.6, 1 ml of homogenate

(1.6 mg thoraces/ml). Blank cuvette {curve I) contained no substrate. The tissuc was prepared by

homogenizing 10 thoraces from 3-day old female flies in 50 ml of ice cold 0.9%, KCI solution for

1 minute, filtering through muslin and centrifuging at 3500 g for 10 minutes. The reaction was run
at 257 C and measurements were made in a Beckman DU spectrophotometer.

The occurrence of triose in this reaction mixture, as verified by chemical analysis, is shown
in Table 1. Heptulose and hexose were also present. The large amounts of hexose suggests that
heptulose was rapidly converted to hexose by transaldolase. The stoichiometry of the reaction
indicates that the sum of triose, hexose and heptulose appearing was 5.9 udl as compared with
0.0 M of pentose disappearing. Hence it appears that in houselly muscle homogenate two pentose
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phosphate molecules are converted to heptulose and triose phosphates. The heptulose phosphate
can react further to form hexose phosphates.
The author wishes to acknowledge the able technical assistance of Miss Kva Zwaxzia.
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REVUE DE LIVRE

Glutathione. Proceedings of the Symposium held at Ridgefield, Connecticut, November 1953,
cdited by S. P. CorowIick, A. LazarRow, E. RackeR, D. R. ScHWARZ, E. STADTMAN
AND H. WagLscH, Academic Press, Inc., New York, 1954, 341 pp., 59 figs; bound,
$7.50
» /.50,

[.e présent volume comporte quatre parties: La premicre est consacrée a I'¢tude des propric¢tés
physiques et chimiques du glutathion. Un cxcellent article de CaLvin discute la constitution chimique
des mercaptans et des disulfures; le spectre u.v. du glutathion indique que ce dernier existe, au moins
en partie, sous forme thiazoline. Une ¢tude de BeNEscH ef «/. montre que dans les dérivés thiol,
m¢éme relativement simples, le groupe - SH est partiellement impliqué dans un systéme ol son
hydrogéne forme un pont avec I'azote amingé; ce pont é¢tant détruit par Purde d forte concentration.
WikLAND donne un exposé clair et complet des travaux réeents concernant la chimie du glutathion:
la réaction avec les composés carbonyl aboutissant a la formation de semimercaptals semble devoir
jouer un role important.

La deuxiéme partie concerne les méthodes de dosage et de caractérisation des composés
sulfhydrylés. Aprés une revue des méthodes classiques, due a PATTERSON g1 [Lazarow, et une ¢tude
de la chromatographie sur papier du glutathion et de ses produits d’hydrolyse, par GUTCHO ET
LLAUFER, on y rencontre un intéressant exposé de BARRNETT KT SELIGMAN sur les méthodes récemment
mises au point pour la détection histochimique des dérives sulfhiydrylés et des disulfures, notamment
a l'aide du 2,2’-dihydroxy-6,6’-dinaphthyl disulfure.

La troisitme partie concerne plus particulicrement les mdécanismes biochimiques auxquels
prend part le glutathion. Une excellente vue d’ensemble sur 'oxydation et la réduction enzymatique
du glutathion est due a VEXNESLAND kT CoNN. La biosyntheése du tripeptide est traitée par SNOkE
ET BLOCH, et par STRECKER ET STEKOL, ct son role dans les réactions de transpeptidation est ¢tudid
par HANES ef al.; les réactions de transfert du radical p-glutamyl font 'objet d'un article de WagLscH.
RackERr discute I'importance du glutathion en tant que coenzyme dans divers systémes enzymatiques
plus ou moins complexes. Le role des composés sulthydrylés comme accepteurs de groupes acyl fait
l'objet d’une étude particuliérement intéressante de STapTMAN; Paction des thioltransacetylases y
est soulignée; il est assez remarquable qu'une substance aussi simple que H,S puisse é¢tre un excellent
accepteur de groupes acyl, alors que la cystéine ct le glutathion sont pratiquement inertes & ce point
de vue. I.a question si ditficile des relations entre la présence de groupes thiol dans la cellule et la
croissance est clairement exposée par Mazra.

I.a quatriéme partie est consacrée aux aspects cliniques et aux actions physiologiques du
glutathion. Quoique le nombre des observations rapportées soit considérable, les donndes apparaissent
ici moins précises, et le réle du glutathion y est moins nettement dégagé que dans les trois premieres
parties.

Dans leur ensemble les exposés constituant le présent volume sont d’une haute tenue; de plus
chacun est suivi d’une discussion qui se vévele souvent au moins aussi importante que 'exposé
lui-m¢me. Une excellente présentation et une abondante bibliographie augmentent encore la valeur
d’un ouvrage dont la lecture s’impose a tout scientifique désireux de se maintenir au courant du
développement d’un chapitre de la biochimie qui devient de jour en jour plus important.
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