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The Effect of Flavin Coenzymes on the Activity of Erythrocyte Enzymes

The recent letter from GraTzLe et al.! regarding the
effect of flavin-adenine-dinucleotide (FAD) on red cell
glutathione reductase activity has lead us to re-examine
the effect of both FAD and of flavin-adenine-mono-
nucleotide (FMN) on the activity of many different
enzymes in hemolysates prepared from normal subjects.
‘We have found that when added to normal hiemolysates
prior to NADPH or GSSG as little as 0.020 pM/ FAD
strongly stimulates the activity of glutathione reductase.
Activity of this enzyme was stimulated when either
NADPH or NADH served as substrate. NADH-meth-
emoglobin reductase is also strongly activated by FAD,
activity as measured with the methemoglobin-ferro-
cyanide complex? but only slightly when dichloroindo-
phenol? is used as an acceptor. No stimulation of hexo-
kinase, phosphoglucose isomerase, phosphofructokinase,
aldolase, triosphosphatase isomerase, phosphoglycerate
kinase, pyruvate kinase, glucose-6-phosphate dehydro-
genase, phosphogluconic dehydrogenase, phosphogluco-
mutase, or NADPH-methemoglobin reductase could be
cbserved.

The mechanisms by which FAD produced stimulation
of glutathione reductase and of NADH-methemoglobin
reductase appeared to be different. In the case of gluta-
thione reductase, incubation of the enzyme with FAD
produced essentially irreversible stimulation of enzyme
activity: dialysis or subsequent dilution of the enzyme-
FAD mixture resulted in no loss of enzymatic activity.
The administration of 5 mg riboflavin daily to normal
subjects resulted in a marked increase of glutathione
reductase activity within 2 days. In contrast, although
even 0.001 uM FAD stimulated red cell NADH-meth-
emoglobin reductase activity approximately 2-fold, it
was necessary for FAD to be present at an adequate
concentration in the assay system. If the mixture of
hemolysate and FAD was diluted so that the FAD con-
centration dropped to an ineffective level, the stimulation
which was readily observed when FAD was present in

the assay system could no longer be detected. The addi-
tion of FAD to a hemolysate from a patient who has
severe congenital methemoglobinemia due to NADH-
diaphorase deficiency produced slight stimulation of the
residual enzyme activity, but the degree of stimulation
was no greater than that observed with normal samples.
Administration of riboflavin to normal subjects failed
to affect the activity of the enzyme in vivo.

It is of interest that of all of the red cell enzymes
studied only the two which are concerned with the oxida~
tion of nicotinamide-adenine-dinucleotides require flavin
compounds. This is consistent with the classical role of
flavins in other tissues as coenzymes for the oxidation
of reduced‘pyridine nucleotides.

Zusammenfassung. Aktivititsmessung von 14 Erythro-
zytenenzymen normaler Personen mit und ohne Hinzu-
fiigung der Flavinenzyme Flavinmononukleotid (FMN)
und Flavinadenindinukleotid (FAD). Keines der unter-
suchten Enzyme wurde durch FMN aktiviert, wihrend
jedoch FAD die Glutathione Reduktase und die NADH
Methimoglobin Reduktase stimulierte.
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Difference in Iron Release by -Ferritin and g-Ferritin

Ferritin, a well defined iron storage protein, is readily
fractionated by electrophoresisinto o (~809%), 8 (~15%),
y-, 6- and e-Isoferritins®. «- and p-ferritin was isolated
from commercial horse spleen ferritin by polyacrylamide
gel electrophoresis (5%, pH 6.6) by eluting ferritin from
appropriate segments of the gel. In some experiments
ferritin was purified by ultracentrifugation (2/,h,
50,000 rpm, Beckman Type 50 Ti rotor); the sticky
precipitate only was then used. The optical density of
ferritin in the range of 600-400 nm is almost entirely
due to the (FeOOH) core as indicated by comparison
of the spectra of ferritin and apoferritin. The iron to
protein ratio of «- and f-ferritin was compared by
measuring the absorption at 420 nm and by protein
determination according to Lowry?; no significant dif-
ferences between «- and f-ferritin were found.

a- and B-fractions were dialysed for 2 days against
3 changes of 10% volumes of distilled water. The solutions
were adjusted to give an optical density of 1.0 against
water at 420 nm and a difference of less than 0.005.
2ml of a solution of «-ferritin were added to the
sample cuvette of a Beckman-DB spectrophotometer and
the same quantity of a solution of g-ferritin to the refer-
ence cuvette. To each cuvette 0.5 ml of acetate buffer
(1 ml sodium acetate brought to pH 5.2 with 99%, acetic

acid) containing 6% sodinm bisulfite was added; the
recorder was started immediately. The wavelength re-
mained constant. A typical curve is shown in the Figure.
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(E,~E ) means the difference in optical density of a-ferritin sample
and f-ferritin sample at 420 nm. At time ¢ = 0 the sodium bisulfite
was added to the samples,
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