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1. Introgdnciion

An indocible ieembrane bound system for the oxi-
dation of nicotinic acid occwrs in some Pseudonionas
species {1,721, Previous work with Fseudomonas
ovalis Chester had indicated that the enzyme, nicotin-
iz acid hydroxylase, might be coupled to an eleciron
transport system =t the leve] of cytochiome gz [3].
The solubilizaiion, by sodiarn deoxycholate, of the
hydroxylase and associated cytochromes has been
achieved (4] . In this paper the properties of the deter-
gent solubilised hydroxylase are described and s sim-
farities with other membrane-bovnd, cyiochrome
linked enzymes is discussed.

2. Materials and methods

Growth and preparation of the cell wall/mem brane
fraction from Ps, ovalis Chester have been described
[3] . Nicotinic acid hydroxylase was prepared by the
method of Hunt [4] with the {fclowing modifieation.
Prior to the final dizlysis stape, the preparation was in-
eubaled with 100 mefnl, wheat germ Hipase {Sigmz
Chemieals, London) for 1 hr at 307, After dialysis for
16 hy the preparation was centrifuged at 100,000 g
for 1 kr. The supeinatant was usa2d as the partially pu-
rified nicotinic acid hydroxylase. :

Nieotinic acid hydroxylase was assayed spectrophg-
tometricaily, using 2,6-dichlorophenc! indolphencl
{DICIP) as an accentor, by following the decrease in
absorbance at 600 nin. The reaction mixture con-
tained, in 3 ml total'volume, 150 pmoles K-phosphate
{pH 6.2), $0 ug DICIP, 30 mwmoles Nanicotinare, and
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00— 300 pe enzyme protein. Assayr and specira were
done at room emp. ok a Pye Unicam 31 1800 record-
ing spectrophotometer.

3. Resulis

Afrer {ialysis, 85-90% of the deoaxycholate solu-
bilisec¢ hydroxylase ectivity was found in the pale
straw coloured supernatant. The remainder of the ac-
tivity was associated with the derk red-brown pellet
which contained the bulk of the *solubilised” cyio-
chromes, If the Hpass {reatment was omitted consid-
arably muore hrydroxyvlase activity was associated with
the insoluble material {up to 40%).

Four separale preparations of the hydroxylase had
2n average activity of 1096 pmoles DICIP reducedf
AN{INE PIDIEM, represeniing a 44 X incroase in activ-
ity over the wall/membrane fracilon. The preparatios
did not show any nizotinic acid oxidass activity nor
wonld it couple the reduction of DICIP o other sub-
sirates such as suecinate or NADH. The pH optimum
yor DICIF reduction was found 1o be 6.2 {fig. 1) and

“the Ko for sdeotinase was determined 1o be 2 105

M.

Potassinm Terricyanide and phenazine mezthoml-
phate ware also readily reduced by the enzyme in the
presence of nicotinate but methylens blus and
Psepdomonas azarin were pooT acgepiors. The pH op-
timum for feericyanida reduction was found to differ
Fromm $hat obiained with DICIP, and to-occur ai pH
7.0 {fig. 1). The reduciton of manmalian cytochrome
& was found 1o be a-vamiable property: Cne prepara-
tion reduced it =t about half the rate of DICIP
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Fig. 1. pH optima for ferrizyanids and DICPIP-linked micotinic acld hydroxylass activity. Resnlis are expressed as % of rate at op-
tirom pH. Trismaleate {S0 md) was used for pl’s up 10 7.4 and TrisHC {50 mM) for pH’s 7.4-9.0. No difference in activity

was found in Tiis pr phosphate buifers at the same pH.

reduction but in others very much lower rates were
ohserved. .

In the absence of nicuiinale, ths hydroxylase has
a single absorption maximm in the visible region at
4106 nm. Reduction of the enzyme resulis in the shift-
ing of this maximum and the appearance of addition-
al peaks characieristic of cytechromes. Fig. 23 shows
a difference spectrum obtained with nicotinate as the
reductant. Maxima occur at 418, 521 and 550 nm,
typical of cytochrome ¢, but there is practically no
bleaching ir the flayvin region of the spectrum. With
dithionite as reductant the Scret maximum is shifted@
10428 nm and additional shoulders occur at 530 and
559 nm (fig. 2b). Carbon monoxide difference spec-
trum {fig. 2¢) indicates the presence of zonsiderable
cytochrome o which probably accounts for the gbsor-

bance-at 559 and 530 mm [5]. Only 12% of the cyto- |

¢hrome o was found to-be reducible by nicotinate.
Neither FMN or FAD had any affect on the en-
zyme activity as measured by DICIP reduction. Incu-
bation with acriflavine was not inkibitory (table 1). -
Precipitation by ammonium sulphate at acid pH [6]°
resulted in considerable loss of activity but this couid
not be restored by either flavin nucleotide. This to-

gether with the lagk of bleaching in the flavin regmn -

of the difference spectmm by nicoi jate sugbests ﬂaat
the enzyme is not a ﬂavopmfem nox lmked to the

gvtochrome system throvgh a flavin, When the en-
zyme was treated with o-phenarthroline a reddish
complex, with an absorption maximum at 510 nm,
was formed. This has been reported 1o be characteris
tic of non-haeme iron [7]. Addition of niestinate in-
tensified the colowr (fig. 3). Dialysis against 1 mM o-
phenanthroline for 6 hr Tollowed by dialysis against
EK-phosphate buffer (30 mM, pH 7.0) for 6 hr cansed
over 90% loss of activity but this could not be re-

Table ¢
Effeets of inhibitors and chelating agents on enzyme :as.'rmﬂy.

Inhibitor Conceniration  Inhibition
{mM) L be)
8-Hydroxyguoinoline 3 rr
Dipyridyl 3 76
Hydroxylamins 5 23

. EDTA 5 +187

cu®t - 0.1 88
| p-Hydroxy smezenribenzeoate 1 52
i A.cnﬂavme 1 0

The enzyme, 1 mg/ml in.30 mM Tm-HCl buffer pH 7.4, was
" vincubated at 4° for 2 hr with the.chelafing agents and acrifla-

vine at the concentrations indicated above. Ti“’ sulphydry]l re-
agents wete added immodiaiely ?bef ore assay. 'The result ob-
tained with EDTA indicates a stimulation of enzyme actyity,
all other resslts indicate %hh:bmon compsated With & con-.

.« -trol; without addition; that was ;ncuham:gj‘or‘ the same period.
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Fig, 2. Spectral properties of ihe micotinic acid hydroxylase preparation. Carve a (—-) Oxidised minus misotinate r¢ Juced differ-
ence spectram. Curye b (~ ——) Dxidised minus dithionits reduced difference speciram. Curve ¢ {~--) Carbom monoxife difference
spectram, Covettes {1 om light path) soniained either 8 mg/m] protein {cnrves s and b) or 4 mgml protein {caurve ).

stored by subsequent incubation with a variety of met-
al ions. Other chelating agenis were also inhibitory
¢table 1}, as were sulphydryl reagents, but EDTA
stimulated slightly and helped to prevent gradual loss
of enzyme activity 'when the enzyme was stored at
ronm temp.

4, Discnssion

The dehydrogenases for NADH, succinate and mal-
atein a 'wide variety of microorganizms are flavapro-
teins coupled to the glectron transport system

- through 2 quinone and cytochrome b [8] . The malate
Aehydrogenase in Ps. ovalis has been shown to be of

this fype [9]- The results presented hare indicate that -

the inducibis nicotinic acid hydroxylase is » different -

class of respiratory enzyme. Speciral evidence from
the parlisily porifisd enzyms suggest that it is Iinked
to eytockrome £ and sppors similar conclusions ob-
tained with cell wallfmaembrane fractions [3]. Thers
is no evidence that the enzyme s a flavoprotein, but
the involvement of pen-haeme iron §s possible.

‘Two other inducibie respiratory enzyimes in Pz
putida, L-pipecolate dehydrogenase [10] and a-zy-
droxyelatarate oxido-reductase [11] resemble picotin-
ic acid kydroxylsss. Eoth have been sbhown 1o be
lnked to an €lectron ransport chain COMPNRSNG LY 1o~
chromes } and ¢ only J11,12]. Pipecolate dehydre-
genase, partially purified by extraction with sedinm
taurozholate, was inautivated by precipitation in acid-
armmoninm suichate, but, like nicotinic acid hydroxyl-
ase, could not be reactivated by incubation with
flavin nudeotides [10} . The preparation contained .

a2
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Fig. 3. Reaction of o-»henanthroline with the sohrbilised nicotinic acid hydroxylase. 50 21 of 30 M o-phenanihroline in 20%
agueons ethanol were added to 1 m! enzyme preparation {2.5 mgim} protein). Specira were recorded between 400 and D0 nm,
apainst @ blank withont e-phenanthroline, over a 30 min period and +he difference in phsorbance betwesn 510 mn and 550 mm
plotted against 1ime. After 50 min 20 pmoles Na-nicotinate were added 10 both cevettes and the change In absorbance followsed

Tor & further 30 min.

eytochrome b but no evidence was presented for i3
reddaciion by pipscolate. Bimilarly no direci evidence

that e-hydroxy glutarate oxidoreduciase was a flavo-
protein, could be obtained [11]. Subsirate reduced
specira of cell wallfmembrane [3,11] or electron
transport particles (127 are similar for 211 three sub-
strates, suggerting @ common linkage of these nduc-
ible enzymes io tre cytochromes, which is different
from that of ine constituilive respiratory enzymess
such as succingie, or NADIH dehydrogenases.
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