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Evidence for Isoniazid Oxidation by Oxyferrous ments, a small increase in absorbance at 428 nm was observed
Mycobacterial Catalase-Peroxidase immediately after mixing the enzyme (0/8V) with excess
isoniazid (1 mM) under CO gas, consistent with reduction of
approximately 10% of the enzyme to the ferrous CO form
previously characterized.ax = 428 nn¥). When this experi-
. . . ment was repeated using a solution of isoniazid freshly prepared
Departments of Physiology and Biophysics  from drug recrystallized from methanol, no increase in absor-
and Biochemistry, Albert Einstein College  pance ot 428 nm was observed. This result suggested that a
1300 Morris Parﬁf%%(ﬁglngrg;:eligsvL\J(r(])lglfrls(l)tzm contaminant of_ commercial isqniazi(_j was able to reduce fe_-rric
' ! catalase-peroxidase. To confirm this result and to determine
if the reductant was derived from the drug molecule itself, a
buffered solution (pH= 7) of isoniazid was stored for several
days at room temperature. Anaerobic treatment (under CO) of
resting catalaseperoxidase with this isoniazid solution yielded
guantitative conversion of all the ferric enzyme to the ferrous
CO form.
The aged isoniazid solution was found by HPLC to contain
isonicotinic acid. The suspected presence of hydrazine was
demonstrated spectrophotometrically by the formation of a
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Isoniazid (isonicotinic acid hydrazide) has been used as a
first-line antibiotic for the treatment of tuberculosis for decades,
yet the details of its mechanism of action are still incomplete.
Studies revealed many years ago that isonicotinic acid and
4-pyridylmethanol were produced from the dkdghough the
mycobacterial enzyme or enzymes responsible were not defined
The accumulation of evidence that isoniazid-resistant strains of . . .
mycobacteria have reduced activity of a hemoprotein hydro- Chromophore equivalent to that formed from authentic hydrazine
peroxidase (catalasgeroxidase) ® suggested that isoniazid is ’lmax. = 458 nm) using a mod|f|ed. Ehrlich reagéﬁt. The
a prodrug converted by this enzyme into a bacteriocidal dfent. POSSibility that hydrazine reduces ferric catataperoxidase was
Susceptibility to isoniazid could be produced in isoniazid- then directly confirmed. Excess hydrazine (hydrazine mono-
resistantEscherichia colior Mycobacteria smegmatisupon hydrate) added anaerobically to the ferric enzyme under CO
introduction and expression of thé. tuberculosis katGyene immediately and quantitatively produced the optical spectrum
encoding the catalas@eroxidase. The purified catalase  ©f the ferrous CO form. .
peroxidase fronM. smegmati(and other bacteffal?) contains Experiments were deS|gned_ to test the hyp_othe3|_3_ that the
ferric heme according to optical and/or EPR spectrosopic reduction of ferric catalaseperoxidase undexerobicconditions
analyses and catalyzes classical peroxidative reactionsMThe |€ads to production of the oxyferrous enzyme, which could
tuberculosis katGnzyme produces radicals in the presence of function as an oxidant of isoniazid. Incubations of catatase
isoniazid and H0,.13 It is therefore unusual thad. tuberculosis ~ Peroxidase were prepared with isoniazid, with and without
catalase-peroxidase was reported to catalyze isoniazid oxidation hydrazine under aerobic and anaerobic conditions. The addition

in vitro without peroxide activation of the enzyrie. Experi- of hydrazine (15M) to resting catalaseperoxidase (3:M)
mental results reported here suggest that the isoniazid oxidationn the presence of 150M isoniazid led to the disappearance
mechanism involves oxyferrous catalageroxidase. of 44 uM isoniazid in 2.5 h (Table 1). Isonicotinic acid and

isonicotinamide accounted nearly quantitatively for the con-
verted drug®® No reaction occurred in an identical reaction
d mixture incubated under CO, demonstrating the requirement for
oxygen and suggesting that the oxyferrous form of the enzyme
was the oxidant formed under aerobic conditions. No reaction
occurred using freshly dissolved, recrystallized isoniazid under
aerobic conditions in the absence of hydrazine, consistent with
the spectrophotometric results. No oxidation of the drug
occurred in aerobic incubations with hydrazine in the absence
of catalase-peroxidase.

In an earlier repoftit was demonstrated thatdianisidine is

In the first experimental approach, optical spectroscopy was
used to follow the reaction between isoniazid and reskihg
smegmatisatalase-peroxidase. Inthe second, HPLC was use
to quantitate the majority products in reactions catalyzed by
the enzyme in the presence of hydrogen peroxide or hydrazine,
a reducing agent.

The formation of a catalytically active enzyme from resting
(ferric) M. smegmaticatalase-peroxidase in the absence of
exogenous peroxide may occur as a result of iron reduction and
binding of & to give the oxyferrous form. In initial experi-
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(4) Zhang, Y. Heym, B.: Allen, B.: Young, D.: Cole, Siature 1992 peromde_m situ (from autoomdatlop of hydraglne, as sqgge.ste_d
358 591-593. by a reviewer) that could potentiate peroxidation of isoniazid
195(355) 1Hseyzrg,sI_E‘»é;élélzari, P. M.; Honore, N.; Cole, S. Mol. Microbiol. by the enzyme. No peroxidation was detected optically during

(6) Sﬁoeb, H. A:; Bowman, B. U., Jr.; Ottolenghi, A. C.; Merola, A. J. 2 h incubations of :%M. enzyme with 14un O_dl‘?‘ms'dm.e
Antimicrob. Agents Chemothet985 27, 399-403. and 14 or 2&M hydrazine under conditions in which as little

(7) Shoeb, H. A.; Bowman, B. U, Jr; Ottolenghi, A. C.; Merola, A. J. as 0.05uM product would have been detected. Complete
Antimicrob. Agents Chemothet985 27, 404-407. . peroxidation of the substrate could be demonstrated in this

(8) Marcinkeviciene, J. A.; Magliozzo, R. S.; Blanchard, JJSBiol. . . . .

Chem.1995 270, 22290-22295. reaction mixture upon addition of excess peroxide after the 2 h
(9) Hicks, D. B.Biochim. Biophys. Actd995 1229 347-355. incubation, demonstrating that the enzyme remained active.
sgr)gpumoto. I Fukumori, Y.; Yamanaka, 3. Biochem199Q 108 Experiments were designed to elicit peroxidative breakdown
(11) Hochman, A.; Goldberg, Biochim. Biophys. Actd991, 1077 of isoniazid by catalaseperoxidas® by adding hydrogen

299-307. peroxide to the enzyme (8V) in solutions containing 15aM
(12) Youn, H.-D.; Yim, Y.-l.; Kim, K.; Hah, Y. C.; Kang, S.-Ql. Biol. i iazid i i i i i
Chent 1095 276, 13740°13747 |sor|1|a2|d in one or se_vera;l allq;ots,ftlc:jflnal concentk:atlons in
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(14) Johnsson, K.; Schultz, P. G.Am. Chem. S0d.994 116, 7425~
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Table 1. Isoniazid Breakdown into Isonicotinic Acid and Scheme 1
Isonicotinamide Catalyzed bylycobacteria smegmatis

B N,H
Catalase Peroxidase Fe(lll)-heme-E 2—; Fe(Il)-heme-E
isonicotinic  isonicotin- isoniazid (resting catalase-peroxidase) (ferrous catalase-peroxidase)
reaction acid,uM amideuM  reacteduM
E/isoniazid 0 0 5 Fe(Il)-heme-E + O, —  Fe(11)O,-heme-E )
E/isoniazid/NH, (air)? 15 17 44 (oxyferrous catalase-peroxidase)
Egi?;;?;;&ﬁi‘j“ (COr¥ 8 8 0 Fe(II)O,-heme-E + isoniazid — — products
E§:§8§6(5 x 0.4 mMY 13 8 fg Fe(I1)CO-heme-E + isoniazid — no reaction
Mn?*/isoniazid 30/70 0/15 25/70 . . o .
E/Mn2/isoniazid 100 20 114 in extensive decomposition of the drig the absence of
— _ R catalase-peroxidase(Table 1). Isoniazid was nearly quanti-
* Reactions initially contained 8M heme plus 15Q«M isoniazid tatively converted into isonicotinic acid and isonicotinamide after

added from a freshly prepared stock solution (10 mM in water) in 15 . . . .
mM potassium phosphate buffer, pH7. Products were analyzed by an aqdltlonal 25 h mcuba’uop in t.he.presence of catalase .
reversed phase HPLC chromatography after 2.5 h incubation (or at thePeroxidase. These observations indicate that nonenzymatic
indicated times). Enzyme (E) was removed at the end of the incubationsMn?"-catalyzed reactions of isoniazid produce good yields of

by ultrafiltration (Centricon 30), and the HPLC analysis was performed the same products as the enzyme-catalyzed reactions.

on the retentate. No other reagents were added and compounds were . .

quantitated on the basis of the areas of peaks measured in chromato- 1he evidence that oxyferrous!. smegmatiscatalase
grams of freshly prepared standard solutions of isonicotinic acid, peroxidase may be catalytically competent as an oxidant of
isonicotinamide and isoniazid in 15 mM potassium phosphate buffer. jsoniazid, as outlined in Scheme 1, may be related to oxidations
The unreacted isoniazid and the two breakdown products q”am'tatedcatalyzed by oxyperoxidaZe?” and to the catalytic mechanism
here were resolved by elution with the aqueous phase (50 mM fth h di a&eAnal |
ammonium acetate, pH 7). An acetonitrile gradient eluted additional ~ Of the enzyme tryptophan 2,3-dioxygenaseAnalogy may also
material that was not identified or quantitated since most of the lost €Xist with the mechanism of reduction of methemoglobin by

isoniazid could be accounted for by the yield of isonicotinic acid and phenylhydrazin€ and its reaction with oxyhemoglobff:3!

isonicotinamide. Some loss of isoniazid occurs during manipulation Th fi bacteriocidal acti fi iazid h K
of samples and due to binding of isoniazid to the enzyme. This fraction € antimycobacteriocidal action or Isoniazid has a known

was subtracted from the starting concentration to calculate amountsrequirement for oxygen in cell culturé$3® That observation,
reacted. Determinations are withirlOuM. ® Hydrazine concentration,  along with the present results, may be especially relevant to
15 uM. ©The solution of enzyme plus isoniazid was degassed and the mechanism of action of the drug since the level of peroxide

equilibrated under CO before the anaerobic addition of ;M\B ; : : A
hydrazine ¢ Conditions: 154M hydrazine, 150uM isoniazid. no in cultured mycobacteria may never be appropriate for initiation

enzyme.® Hydrogen peroxide (16 mM) was added in one aliquot, and Of Peroxidative reactions involving catalasgeroxidase and
the reaction was incubated for 1.5'Hydrogen peroxide was added  isoniazid. The presence of a hydrazidase activity in mycobac-
in 5 aliquots ovea 2 hperiod.9 Isoniazid (1504M) was incubated terial® leads to the possibility thaiy vivo, thebona fideoxidant

with 2 uM Mn2*; entries are for analyses after 4 and 6.3 After 4 of isoniazid is oxyferrous catalas@eroxidase generated upon

h preincubation of isoniazid with M, enzyme (M) was added to . : . : .
the reaction mixture followed by incubation for 2.5 h. hyd_ra2|nonS|s of the drug _and rea_u_:tlon of hydrazine with the
ferric enzyme under aerobic conditions.

based on the concentration of peroxide added (Table 1, selected _
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the enzyme generated in the presence of hydrazine, may also
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: H H H 0 uemard, A.; sSacchettini, J. C.; bDessen, A.; Viicheze, C.; Bittman,
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