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The enzymic defect of hereditary methemoglobinemia: diaphorase

We wish to report the absence in red cells of persons with hereditary methemeo-
globinemia! of an enzyme which catalyzes the reduction of methemoglobin by reduced
diphosphopyridine nucleotide. This enzyme also acts as a cytachrome ¢ reductase
and as a diaphorase, and its presence or absence in hcmolyzates is most readily
demonstirated by its ability to catalyze the reduction of 2z,6-dichlorobenzenone-
indopheno!?,

A typical experiment is shown in Fig. 1. In the absence of hemolyzate, an excess
of DPNH reduces the dye at a rate that is first order with respect to dye concen-
tration. The addition of oxidized normal hemolyzate increases the rate of reduction
of the dye, while the addition of oxidized methemoglobinemic hemolyzate decreases
the observed rate of reduction. This decrease is due to z rapid and reversible reaction
between reduced z,6-dichliorobenzenoneindophenol and methemoglobin, whereby the
total reducible substrate is increased by the addition of methemoglobin in the
hemolyzate. When correction is made for the additional substrate (equivalent in this
case to 0.096 pmole 2,6-dichlorobenzenconeindophrnol) the rate with the methemo-
globinemic hemolyzate is indistinguishable from the non-enzymic rate.
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Fig. 1. Diaphorase activity of oxidized hemolyvzates.
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Hesults with hemolvzates from a series of persons with methemoglobinemia and
of control subjects are shown in Table 1. The net rate of reduction of dye in all
methemoglobinemic hemolyzates was essentiadly zero while an easily demonstrable
reduction has been found in all normal hemolyzates. That there was no enzymic
activity in methemoglobinemic hemolyzates was further demonstrated by the effect
of DPNH concentration. The non-enzymic rate and the rate in the presence of
methemoglobinemic hemolyzates were directly proportional to initial DPNH concen-
tration while the rate with normal hemolyzates was little affected by moderate
changes (0.44 to 1.32 pmoles) in this concentration. When TPNH was used as a
substrate, the rate of dye reduction was less than 10 Y, of that found with DPNH.

Recently it has become apparent that there are two types of hereditury methemo-
globinemia. One type which is due to the presence of an abnormal hemoglobin is
inherited as a dominant and is readily distinguished by spectrophotometric or electro-
phoretic methods®. The second type, of which the cases in Alaska are representativel,
is recessive and is associated with an abnormal’y slow rate of methemoglobin reduction

Abbreviations: DI'NH, TYPNH, reduced di- and triphosphopyridine nucleotide.
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TABLE I
DIAPHORASE ACTIVITY OF HEMOLYZATES

Rates are first-order reaction constants measured as in Fig. © and corrected for non-enzymic
reaction. Methemoglobinemic subjects have the code numbers previously used!.

Methemuglobinemic cubjects Cantral subfects
Subiject Diap ;i;;:::;{:!r!]"""l' Huhfect Diap, }";::;;i:m{"ﬂy
N 110-4 ©.000 A 0.615
V-2 0.000 i 0,009
V-1 ©.000 [ 0022
Vi GO0l i3 0013
V-2 0.001 ot
VI 0.001 B 0.004
VIi-a o.00t R 0.003
Vil-2 0,002 e a3
Vil-2 0.001 Nine vacious  0.019-0.002

in red cells*®, Giison® from indirect evidence postulates” that o DPMH diaphorase
was lacking in red cells of nersons with the enzymic type of methemogiobinemia.
The present paper gives the first direct evidence that suciv is indead the case. Lack
of this enzyme would appear to explain the salient charaeteristic of the disease —the
presence of from 5-60¢% of the hemoglobin as methemoglobin. That only part of
the hemoglobin is present as methemoglobin in these people may be due to non-
enzymic reduction of metheniogiobin.. A very slow rate of methemogiobir reduction
js observerl in methemoglobinenc red cellst and a slightly more rapid rate 15 observed
with DPNH or TPNH in methemoglobinemic hemolyzates. The factors responsible
for this residual reduction are not known, although ascorbic acid appears to be one
of them!.

The enzyme from normal cells has beer purified over roo-fold by fractiomal
salting-out with (NH,),SO, and adsorption on Ca,(PO,), gel. Methemoglobinemic
red cells when subjected to the same purification procedure gave no perceptible
enzymic activity. The purified enzyvme resembled that found in hemolyzates in that
it had one-tenth the activity with TPNH that it had with DPNH. The relative rates
of reduction of the dye, cytochrome ¢, and methemoglobin by purified enzyme at
pH 7.2 and 23° were 15,000:130:1. This is in agreement with the resalts in whole
cells and hemolyzates, where the rate of methemoglobin reduction in cells at 377 is
1/8,000 the rate of dye reduction in hemolyzates at 237, Since the rate of reduction
with methemoglobin is so tow compared te the other activities it is possible that
methemoglobin reduction is a reaction secondary to some other function of rhe
enzyme. This appears unlikely however because the only known clinical findings in
this condition are the presence of meihenioglobin in red cells and a compensatory
polycythemia.

Although HUENNEKENS ¢f ¢l.7 have reported the isvlation of a “‘methemoglobin
reductase’ from red ceils, there is somc doebt that their enzyme is in fact the agent
responsible for methemoglobin reduction 7# »ive since methylene blue is an obligatory
intermediate in their system. The enzyme reported here is not the system found by
HuEXNEKENS ¢f al. since our system does not require metaylene biue for methemo-
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globin reduction and has a different pyridine nucleotide specificity. Furthermore,
extracts prepared by their method of treatment of hemolyzates with chloroform and
ethanol, or by boiling, were inactive in our system.
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Pyrophosphate formation in cell-free extracts of Escherichia coli

In respiring cells of Acetabactey suboxidans, yeast?, and Merulins lacrymans?, the acid-
labile phosphate in PP has a more rapid turnover than that in ATP and the other
nucleoside di- and tri-phosphates. This suggests that the formation of PP is to some
extent independent of ATP, and consequently arises by some separate phosphorylating
pathway.

Intact cells of Esclerichia coli behave similarly to other micro-organisms studied.
PP is rapidly labelled when E. coli cells respire in the presence of 3P;. ATP is more
slowly labelled. In the presence of excess carrier Py, the specific activity of PP ap-
proaches about half the specific activity of P;, while the specific activity of ATP
approaches that of PP.

Cell-free extracts of E. coli contain a verv active PPase, which rapidly splits
added PP. The extracts contain, however, a small amount of PP, which seems to be
protected from the action of the hydroiyzing enzyme, This PP fraction is rapidly
labelled by added 32P),

An extract of E. ¢ofi was madce by treating the cell paste in agueous suspension
with an ultrasonic vibrator. The pH in the liguid after ultrasonic treatment was close
to 5.5. The suspension was first freed from remaining cells, then centrifuged at 10,000
x g for 10 h, and then the specd was increased to 35,000 < g for 45 min. The preci-
pitate was resuspended in Tris buffer, pH 8.0, to give a highly viscous liquid of pH 7.5.
After centrifugation at 35,000 = g for 45 min, a slightly turbid, reddish supernatant,
and a ropy precipitate were obtained. Tlhe supernatant was used in these experiments
te study the incorporation of 32P; into PP and ATP. Endogenous respiration and
phosphorylation was high. In some experiments alcohol dehydrogenase, DPN, and
alcehol were added to test the effect of DPNH.

Abbreviations: PP, inorganic pyrophosphate; I, inorganic orthophosphate; ATP, adenosine
triphasphate; ADT, adenosine diphosphate: Tris, tristhydroxymeihyl)aminomethane; PN,
THPPNF, oxidized and reduced diphosphopyridine nucleotide,



