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ABSTRACT

The mechan1sm of act1on of Q;hydroxybenzoate hydroxylase from , .

‘ Pseudomonas put1da, stra1n M-6, has been 1nvest1gated. The aromatic
substrate analogues, benzoate, p-fluorobenzoate, p-chlorobenzoate,
,anitrObenzoate; p-aminobenzoate, and 6-hydroxynicotinate, are found
to be oompetitive inhibitors._ This finding differs from the previously
reported noncompetitive behavior in a different buffervsystem.

_' ‘The'optioai'aetiVity of the enzyme-inhib{tor oomplexvis studied.
hFrom'thefkanetio:and circblar dichroism (CD) measurements, we have
found that the carboxyl moiety is necessary and sufficient for the
enzyme5SUbstrate binding, whereas the hydroxyl group alone will not
1ead to'binding  There are two classes of inhibitory ana1ogue5' one
causes changes in CD spectra of the enzyme s1m1]ar to" those evoked by
the substrate,. and the other does not cause 51gn1f1cant changes The
~results 1nd1cate that more than one mode of enzyme 1nh1b1tor interaction
is 1nvo]ved. The CD of the enzyme-NADPH complex under anaerobic cond1-
tions suggests that the oxidized enzyme and reduced pyr1d1ne nucleotide | »
form a comp1ex, both in the absence and presence of the substrate,
'Q:hydroxybenzoate. Furthermore, evidence for a ternary complex is

given.



Introductioh

HydroxyTation plays an important ro1e in the oxidetive metabolism
of aromatic combbundS’by bacteria. As a consequence, the mechanisms ofd
action of those enzymes that mediate these hydroxylation reaetions.have'
'stlmu]ated profound 1nterest - Two mono- oxygenases p;hydroxybenzoate
: hydroxy]ase and salicylate hydroxy]ase have been pur1f1ed to homogene1ty
and 1nvest1gated_act1ve1y.] -4 Both monooxygenases are inducible. They
are f]avoprotelns requiring FAD and reduced pyridine nuc]eot1des as
cofactors, however, they differ in spec1f1c1ty Sa11cy]ate hydroxy]ase
is spec1f1c for NADH, whereas g;hydroxybenzoate hydroxylase is spec1f1c

2

for NADPH The precise role of the flavin prosthet1c group and the

,vmechanlsmvof action of the reduced pyridine nucleotide are not clear.
Recently, investigation on the nature of the enzyme-SUbstrate ternary

complexes of.sa]icylate hydroxylase by fluorometric method have been

1. 5-7

reported by Takemori et al. Nakamura Higashi and co-workers have

reported kinetic studies on the reaction mechanism of Q;hydroxybenzoate

- hydroxylase from Pseudomohas desmolytica. 8,9

To elucidate the mechan1sm of enzymatic cata]ys1s it is pertlnent
to study the 1ntermed1ate enzyme- substrate comp]exes and also the 1nter-

2 reported that the CD spectrum'

- actions of various analogues. Hesp et al.
‘of thydroxybenzoate hydroxy]ase was perturbed s1gn1f1cant1y upon addi-
tlon of the substrate, Q;hydroxybenzoate CD measurements thus prov1de

a‘sens1t1ve ‘method of studylng the-enzyme-substrate comp]exes. ThlS



report presents the resu]ts of a k1net1c study whlch 1nd1cates the .
'.compet1t1ve 1nh1b1tory behav1or of some of the substltuted benzoates..,”
'and the c1rcular dlchr01sm (CD) wh1ch suggests the 1nteractlon of the |
kysubstrate ind the bound FAD. o e A 1 e

prydroxybenzoate hydroxylase was 1nduced in Pseudomonas put1da

The two subspec1es put1da and desmo]yt1ca, have funct1ona11y the same '

'p;hydroxybenzoate hydroxy]ases, however, they dszer 1n the subsequent

ox1dat1on;of protocatechuate The former uses the ortho c]eavage path-

10 the ]atter uses meta c]eavage,'

1]

.'way;'yieringﬁB#CarBoxy#cis-c1s-muconate,
'yleldlng u-hydroxy -y- carboxy—c1s c1s-mucon1c sem1a1dehyde

Exper1menta1 Procedure o

| Mater1a1 Reagents used routtne]y for- enzyme preparat1on and assays |

'“were the purest grade obta1nab]e and purchased from sources descr1bed '
7prev1ously ]" NADPH (grade II) NADH(Sigma grade), NADP (grade III) NAD

| (grade IV) FAD (grade III),gffTuorobenzoate, and p;amxnobenzoate were '

| purchased from S1gma 6-Hydroxyn1cot1n1c ac1d was obta1ned from Aldrlch
Phen01 was from Ma]]1nckrodt Chem1ca] and p:chlorobenzoate p;n1trobenzoate

.were from Eastman Kodak AT] the benzoate der1vat1ves and pheno]

h were . tw1ce crysta1]1zed from water before use. A]T other reagents
_ were used d1rect]y w1thout further pur1f1cat1on'

Enzyme preparat1on Q;Hydroxybenzoate hydroxylase from Pseudomonas

,put1da, stra1n M-6 (ATCC ]7428), was prepared and purlfled by a mod1f1-
'..cat1on of the method descr1bed 1n paper I of th1s serles The method'is ‘v; . _t'ﬂ

s1m11ar to that reported 1n paper II The pur1f1ed enzyme was stored in

',?(¢a stab1llz1ng mlxture at 70°C unt1] use, as descrlbed preV1ousTy 2

The enzyme was found to denature sTow]y over a per1od of one year ".I



.
The preservatfon of the enzyme was improved by storing it under an
oxygen—free he11um atmosphere. | '

Enzyme assays. Q:Hydroxybenzoate hydroxy]ase was assayed by

V_spectrophotometric measurement.of the substrate-dependent ox1datlon of
NADPH. The prbcedure has'been described earlier'] The standard assay
system is sT1ghtTy mod1f1ed from the previous method The standard
systen contained in 3.0 ml, 67 mmoles K,HPO,-KH,PO, (pH 7.0),

3.3 pmoTes_ot‘FAD, 0}13 mmoles of NADPH, 0.67 mmoles of p}hydroxy-
benzoate, enzyme and deionized water. The unit of enzyme activity is
defined as that amount of 'enzyme'which oxidized 1.0 ymoles of NADPH/min
under the cond1t1ons of the spectrophotometr1c assay

Klnettc measurements. The kinetics were stud1ed spectrophoto-

metrfCaTTy'by_measuring the substrate-dependent*oxidation of NADPH at
340 mu. Various substrate analogues were Tncubated for 2 min (or Tonger)
before the measurement Al substrate anaTogues were adJusted to pH 7.5.
ATT experlments were carr1ed out at 20°C - 1°C. Each experiment was

| repeated at Teast tw1ce unt11 consistent results were obtained. v

Spectroscop1c method. The absorpt1on spectra were measured ln a’

Cary ModeT Tsvspectrometer The c1rcuTar dichroism measurements were

- obta1ned with. a Cary ModeT 60 spectropo]ar1meter w1th a standard ModeT .
’a6001 CD accessory attachment A Cary thermostattab]e temperature celt
compartment was used the temperature for all exper1ments was maintained
:at 2°C - O T C The slit w1dth program was set. for 15 & resolution and
the time constant and scan speed were adJusted for best 519naT noise

_ ‘ratlo for each 1nd1v1dua1 exper1ment In»aTT_cases, opt1caT-path'Tength

of T ] cm was used
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Anaeroblc exper1ment " To efficfently’aChieve the anaerobic condition

w1thout denaturlng the enzyme in a cuvette su1tabTe for optlcal act1v1ty
measurement and st111 permlttlng the addltlon of varlous reagents

have been found to be d1ffﬂcu1t We have used the method descr1bed
prev1ous]y 2 The space above the enzyme soTutlon 1n the cuvette is |
f1rst fTushed w1th oxygen—free he]1um for 30 m1n The enzyme so]ut1on

| is then bubbled with 02 free helium at a rate of 1. 5 cc/m1n for 15 mln,
If the enzyme is not1ced to denature during the assay procedure, the'
result is duscarded We have been able to achleve str1ct anaerob1c

' condltlon w1th neg]1g1b1e amount of denaturatlon |

ResuTts R

Chem1ca1 structure of substrate analogues. Severa] aromatlc com-

pounds whlch are. structuraT]y re]ated to Q:hydroxybenzoate but cannot
serve as a substrate, 1nh1b1t the enzyme " The ben201c ac1d der1vat1vesf
vary in strength accord1ng to the nature of the subst1tuent ‘and its
:'rlng,pos1t1on. The re]at1ve strength of a subst1tuted benzo1c ac1d

is charaoterized by a subst1tuent constant g. The more e]ectron attractlng

a subst1tuent 1s, the more pos1t1ve is 1ts o vaTue (re]attve to benzoate as -

zero) Converse]y, the more strong]y a subst1tuent donates eTectrons,

= the more negat1ve is 1ts‘;va1ue. These vaTues for the 1nh1b1tory benzoates o

are g1ven 1n Tab]e I.

1

K1net1c studyy It was reported previously” that benzoate and a

E ser]es of 1ts anaTogues were 1nh1b1tory to the act1v1ty of p;hydroxy- '
benzoate hydroxy]ase Us1ng Tris- HCT buffer system for assay, ‘the
1nh1b1t1on was found to be nonecompet1t1ve. However, enzyme actnvtty

C ?drops{very;ouickly dUring the assay in Trfs’buffer”system'(pH 8.0).
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Accordlngly, there was 1naccuracy in determlnlng the 1n1t1a1 ve]oc1ty

~of the reaction. We could overcome this prob]em by rep]ac1ng Tris-HC1

buffer w1th phosphate buffer system (pH 7. 5), in which ox1dat10n of NADPH

proceeded a]most llneariy even at very 1ow concentrat1ons of NADPH and enzyme.

By emp]oy1ng the 1mproved assay system, we have found that benzoate,

Effluorobenzoate, Q;ch]orobenzoate E;n1trobenzoate Q;am1nobenzoate,
and 6—hydroxynjcot1nate are all competltlve inhibitors. Figs. 1-6‘show
the Lineweaver-Burk"plotsvof the enzyme ectiVity in'the'bresence.of'
these inhibitors. A]] of them are typ1ca1 compet1t1ve 1nh1b1t1ons _
The K values were determlned by the method descrlbed by W1]k1nson]3 '
and C]e]and 14 The results are given in Table II.

" A Hammett p]ot of the action of the subst1tuted benzoate der1va—
tlves is glven in Flg 7 ‘where the logarithms of the 1nh1b1t10n constants

Ki s are plotted against the1r o-va]ues. They f]t the Hammett equat1on

very well.  The "reaction constant", P which is the slope of the Hammett

plot, is estimated to be 1.78. The significance of p is that it measures
the sensitivity of the reaction to the electrical effects of substituents
in the meta‘and para positions. A positive p velue suggests that the

inhibition is favored by increasing_the nucleophilic reactivity of the

'carboxy] group.

Pheno] shows no 1nh1b1t1on at concentratlons below 0. 01 M inhibi—

tory effects occur at concentrat1ons greater than 0. O] M due presumably'j'i{”ﬂ

' ,tovnonspec1f1c binding to the enzyme. The resu}ts.are given in Table II.

'The above findings suggest strongly that the carboxyl group is
necessary for the substrate analoge to 1nh1b1t the enzyme and p0551b1y

1s 1nvo]ved 1n the b1nd1ng at the active site.
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C1rcuTar d1chro1sm spectra of the enzyme lnhlbltor comp]exes The

(4)) spectrum of the holoenzyme of p;hydroxybenzoate.hydroxyTase has been .

reported- prev1ousTy 2_ The effect of the substrate p;hydroxybenzoate,

on the hoToenzyme man1fests itself in the visible reglon of the FAD | | B L
absorptlon. The perturbat1on of the ho]oenzyme D spectrum“upon addi-

tion of thydroxybenzoate was g1ven in paper II - The CD spectra of’the

' enzyme—bound FAD hoToenzyme) in the absence and presence of the inhibitors:
and substrate, Q;hydroxybenzoate, are given in Figs. 8 and 9. The
effect of benzoate on the CD spectrum of p-hydroxybenzoate hydroxylase

_Was dechribed’earTier.2 A large change was obserVed'in;the CD spectrum _i
of g;hydrbxybenzoate-hydroxylase upon addition of benzdate

Q;Fluorobenzoate The CD spectrum of the enzyme was changed by
-3

the add1t10n_of 107° M p;f]uorobenzoate The 367 nm CD was s11ght1y
‘shifted and decreased. The 455 fm band also decreased.y Addition of
-3 M p-hydroxybenzoate to the enzyme'g}fTuorobenzbate system produced
the fam111ar change of the CD spectrum character1st1c of the enzyme
p;hydroxybenzoate compTex

6-Hydroxyn1cot1nate The effect'on the CD spectrum of the enzyme o

caused by add1t1on of 107 -3 M 6- hydroxyn1cot1nate was s1gn1f1cant Both» »

the 367 Am and 455 nm CD bands decreased markedly. When 10 3

M p;hydroxy-
benzoate was added to the system, enhancement of the 455 nm band was o
observed The generaT appearance of the cD spectrum resembled that of

the. enzyme Q;hydroxybenzoate system\ ;VIJA ', . C o ) | _ ) o

p»Am1nobenzoate In contrast to the effect produced by p:fTuoro—
3

7benzoate benzoate, and 6 hydroxynlcotlnate, the addltlon of 10

-p;amlnobenzoate caused aTmost no modification of the CD spectrum of the
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enzyme except a slight decrease of the shouider‘at‘340 mp. Even after
vthe_additiondof'10“3 M_g;hydroxybenzoate,'no fdrther_change'Wasvobserved.

This ekperiment was repeated with the order of addition‘of Q;aminobenzoate
-and p;hydroxybenzoate reversed. The same final CD spectrum was obtained.

Since Q}aminobenzoate did inhibit’thevenzyme,_this may. suggest that the
interaction'of‘gfaminobenzoate with the enzyme’is SUch’that Tt does not manifest
| 1tse]f in a CD mod1f1cat10n This resu]t indicates the possibility of a d1f—
ferent mode of binding between the enzyme and Q;am1nobenzoate than that

between the enzyme and g;f]uorobenzoate

p—Ch]orobenzoate and;p-N1trobenzoate. They have been shown to be
the weakest‘inhibitors (Table I). The CD spectra of the substrate
ana]ogue-enzyme*mixtureS'are-not significantly modified.

Evidence for the direct bindingfof?NADPH to p-hydroxybenzoate hydroXy]aSe

v Slnce cD spectra of Q;hydroxybenzoate hydroxylase served as a sensi-
tlve means of detectlng the format1on of the enzyme -substrate comp]ex we
nowfextendeD measurements for study1ng'the 1nteract1on of NADPH with the
enzyme e , | v - : . : _

Under anaeroblc cond1t1on, produced by f]ush1ng the sys tem w1th he11um,
the effect of NADPH on the CD spectra of plaln Q;hydroxybenzoate hydroxylase *
waS‘exam1ned Upon add1tlon of NADPH; there were marked changes, as
shown in Flg. 10, in the CD spectra of the enzyme In the presence of VADPH,
both the negatlve and p051t1ve CD bands of the p1a1n enzyme (max1ma at
455 nm and 367 nm, respect1ve]y) are blue shifted. In addltlon,-a nega-
‘t1ve contr1butlon to the optxca] rotatlon is. observed Whenbg;hydroxy- |
‘benzoate is added in addltton to NADPH under anaeroblc condltxon the -

broad negat1ve band of the CD spectrum of the enzyme NADPH mixture becomes k
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even more negatlve.';The results'suggest that p;hydroxybenzoate hydroxy-

Tase forms a comp]ex with NADPH béth in the absence and presence of
vg;hydroxybenzoate. ok |

In order to find whether'NADPH or its-oxidation'product 'NADP, is

responSIble for this b1nd1ng, the effect of NADP ‘on the CD spectra of the
enzyme was exam1ned Under anaerob1c-cond1t1ons, there are no_s1gn1f1cant .
,changes in the CD:spectrafof the enzyme upon additibn of NADP. NADP does not
affect the fami liar ‘substrate-induced changes in CD spectra of the enzyme
under aerob{c'conditions. These facts indicate that there is probably no
interaction between NADP and E;hydroxybenzoate'hydroxy]ase or; at least,

it does not man1fest itself in a CD mod1f1cat1on

NADH does not induce s1gn1f1cant changes in CD.spectra of p]axn :

,enzyme so]ut10n under anaerob1c condition. Therefore, the enzyme-NADPH
f‘ comp]ex is h1gh1y spec1f1c wh1ch is_consistent with prev1ous reports 1.2
: - From the}resglts described above, we=cannot determ1ne-the order of
the'bindiné‘of-the substrates, NADPH and gfhydroxybenzoate' to the holo-
enzyme 1n the ternary enzyme-g;hydroxybenzoate-NADPH complex. We ]eave

it for the future- study

: Discussion B ‘ ‘ v
- As héshbeeh'feportEG, discrepancies'were‘foundiamong the modes}of
vinhibition of thydroxybenzoate hydroxylase by a nomher of substrate
analogues. The -analogues, such as Q;fluorobenzoate g;amlnobenzoate,
benzoate and others, 1nh1b1ted Q;hydroxybenzoate hydroxy]ase from Ps.
“Egtlgg_A3 12 in a non~compet1t1ve manner.] whereas these ana]ogues |

‘were competltlve 1nh1b1tors to the g;hydroxybenzoate hydroxy]ase from

(

Ps. putida M-6 (thns report) and Ps.vdesmolytma.8 These dxscrepanc1es .
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may be ascrlbed to the dlfferent buffer systems used in the Tris-HC1
bbuffer, pH optlmum is 8.0 as compared to 7. 5] and 7. 02 found in potas-
sium phosphate buffer system, and,furthermore, the enzyme act1v1ty is
found to bevinhibited, increasing1y and'marked]y, during the assay due
to the presence of chloride iont?®). This"inhibitory‘action of chloride
ion made theICa]cu1ation of enzyme'activity'tnaccurate.and resulted
ear]ier:in'an’erroneOus interpretation of the mode of inhibition.'

The competitive behaviors of the'benzoatevderivatdves indicate
strongly that the carboxyl group is essential in the binding. Phenol
does not inhibit'the enzyme'up to a yery high concentration where non-
specific binding'may take p]ace. The'aboye ttndings,vin'conjunctiony
_with.the'fact.that the'enzymeIW111 only catalyze thydr0xybenzoate and
uwiTT'not catalyze the other analogues to any significant extent,],]ead |
to the fo]]oming'hypotheSes: the carboxyl moiety participates in'binding
with'the’primary site, providing an Panchoring"’and,vsubsequently, the
'hydroxyl group is bound to a secondary site to faCi1itate the catalytic
actiyity. This is in agreement with the two binding Sites,mode] proposed

'before 2’8’9

The p051t1ve “reaction constant" (o 1. 78) obtained‘frOm '
the Hammett p]ot (F1g 7) suggests that the pr1mary b1nd1ng 51te is
favored by a nuc]eoph1]1c attack

| Exam1nat1on of the enzyme 1nh1b1tor comp]ex by - CD spectrum showed
that there are two c]asses of substrate ana]ogues whlch compet1t1ve]y _

lnhlblt enzyme act1v1ty One class of substrate ana]ogues causes

{ }R

oland G. Ka]]en and Ke11ch1 Hosokawa, unpubllshed results
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changes 1n o Spectra and the other c]ass shows no 51gn1f1cant

o changes. QyFluorobenzoate belongs to the former, and g;amlnobenzoate

" {s an example of the latter. |
' QjFludrobenzoate’binds'to the enzyme, as evidenced by a_remerkable’
change 1n cD spectrum upon add1t10n to free- enzyme If g;hydfcxybenzoate
is added to the g;f]uorobenzoate enzyme complex, the CD spectrum 1s con-
verted to the-one similar to Q:hydroxybenzoate—enzyme comp]ex. ‘This
indicates that p-fluorobenzoate binds to the same site as the substrate,
and can be disp]aced by the pjhydhoxybenzoateQ On the otheh'hand,
Eyam1nobenzoate does: not produce s1gn1f1cant changes in CD spectrum of
the free enzyme, a]though it inhibits the enzyme activity in a compet1-

“tive manner. E;Am1nobenzoate may bjnd to a site other than the one

‘binding p-fluorobenzoate, and thus interfere with the overall reaction

Cof g:hydrbkybenzoate hydroxylase. Furthermore, the CD spectrum of the

'Qfeminobenzbate4enzyme mixture is not affected significent]y upon addi-

'tiOn_offg;hydroxybenzoate. Conversely, the CD spectrum characteristic

of the enzyme-substrate complex is converted to the one similar to free

“enzyme spectrdm by the addition of E:aminobenzcate. The results show

~ that the binding of E;aminobenzoate to the enzyme causes a secondary

effect~on-thefsubstrate binding site so that g;hydroxybenzoate_can no’
1onger bind td'its“site;'kesulting'in'the inhibition'of'activity-

By CD studles, we obta1ned evidence that NADPH blnds to free g;hydroxy-

| benzoate hydroxy]ase The bnndlng is so Spec1f1c that NADH does not
become assoc1ated with the enzyme. These flndlngs well exp]aln the SpEleIC :

'requlrement of NADPH for the enzymat1c hydroxy]atlon of g;hydroxybenzoate

P
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: Preliminary proton magnetic resonance study of;the‘relaxation_times

of the NADPH‘protons in the presence of’p;hydfoxybehzoate'hydfoxyl;se ’

* revealed NADPH binding with the enzyme. _Th{s result'éuppofté'the above

désériﬁed tD siudy‘that NADPH.specifiCally interaétS'with p-hydroxybenzoate

'_hydroxylaSe; .
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TABLE I(a) '

- Summa;y of Hammett subst1tuent constants, E

“”féCompound‘ BN s L Estimated limits
R . ' : - of uncertalnty

'Q;Am{nobéhioéte .08 »  o
'Q;Hydfoxybénzoafe | 'j* ©-0.37 [‘a o 0.041
Behzdate o ;_‘ '._' 0 o '. [V : e
Q;F]uorébénioate‘: - vis‘:.: 0.062 ‘Q}OZ”,i |
Cp-Chlorobenzoate  0.227 0.0z

| Q;Nj;robéhzoate"_ S 0.778 o  1 o;oz |

i(aj  _

o va]ues ‘were based on 1on1zat1on of subst1tuted benzo1c
12 ' | |

- acids.
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TABLE II

Inhibitory effect of substrate analogues

Substrate'ana]OgUes | Inhibition;(%)ia) Ki(p) - 7:

’ p-Nitrobenzoate - ‘ 16 B (4.2 1.3) x 074N
6-Hydroxynicotinate S A (3104 x 107
p-Chlorobenzoate 12 p T (.8to0.3) x107

| p-F]uorobenzoate | o E ﬁ(7;6 t1.9) x 107
Benzoate =‘-» . R 25.’ | -.:513(5ﬁ9‘t‘045)'¥']0-5
p-Aminobenioate' w42 3 "6__

0.9) x 10:

(a) Inh1b1t1on was measured by the p- hydroxybenzoate dependent ox1dat1on
of NADPH in the presence of -3.44 ug enzyme 0. 1 mM p- hydroxybenzoate, (
1 0.33 mM substrate analogue and the other cond1t1ons were the same as the
:standard assay system ment1oned 1n the sectlon on exper1menta1 procedure.'

(b) K; va]ues were ca]cu]ated assuming a completely compet1t1ve inhibi-
-tion, by =8 ]1near regression ana]ys1s of the. equat1on

Ll L.l-f- lgn ]+Ll) ’ ., o

max max - v .

‘where S and I denote the substrate, p- hydroxybenzoate and 1nh1b1tory
substrate ana]ogue, respect1ve1y, v and Vmax are the react1on ve]oc1ty
and maximal react1on velocity, Km is the Mache]ls-Menton constant and
Ki is the 1nh1b1tor dlssoc1at1on constant.. In our klnetjc measurement'
the ve]ocity determinations, probab]y are reasonably homogeneous 1in
- variance. If the varlance of v is o2, the variance of [S]/v can be
shown to be g° [S] (13) Therefore, in flttlng the linear form to
the above equatlon ‘the proper weight v /[S]2 is used The standard
| error of K 1is estimated by" standard procedure of propagatlon of error
AN computatlons were done on a-CDC 6600 computer ' '
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o IS I  TABLE III o
' ' ' (a)

-Phenol_inhibitibn

* Phenol conc. . e f :;'.% Inhibition

R
sxwte L sis
N o
S L
Csax10%w

= ===

-(a)

*“'The standard_eniyme assay<system was'ufilized with

i ilﬁmM Q:hydroxybehzbate. "
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TABLE IV

: Effect of reduced and ox1d1zed pyr1d1ne nuc]eot1des

[

J TN

on the CD spectrum of p- hydroxybenzoate hydroxy}ase -

~ Condition E»”ydr°xy“' . NADPH
- : benzoate : :

NPT

B

NADH

"Aerobic ffﬂf éb§ent;~ “No changes, but the
‘ o ' conclusion cannot be

f No.chanQés, o

. deduced, because NADPH =~

is oxidized in this
;system o

©present  NADPH is. ‘oxidized
Anaerobitc' _ab§ént ‘Marked changes.

present  Further changes, mﬁré'
than above.

P [
w ",

 Familiar
quickly. . .;f{;73changes

N6 effect

;fNo 519n1f1cant :-f_;'
.. changes. §

Slightly
 affected.
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Floure Captlons

Fig.

Fig.

Fig.

Fig.

" Fig.

" Fig.

1.

'Effect of benzoate on the acthlty of p;hydroxybenzoate hydroxy— '

lqsefadoub1e rec1proca1 plot. The data are plotted by the method

of Lineweaver and Burk.]'5 ‘Assay conditions were described under
“Experimental Procedure". The reciprocal velbcity,vl/v; is in

arbitrary units. The concentrations of benioate in M are indi-

cated on the plOt.' The same conditions stated above are used in

Fig. 2 thfough‘Fig. 6.

Effect of Q;nitrqbenzoaté,oh the activity of p-hydroxybenzoate

hydroxylase.

Effect of Q;ch]orobenzoate on the act1v1ty of E;hydroxybenzoate

'hydroxy]ase

. Effect of fo]uorobenzoate on the activity of Q:hydroxybenzoate

'hydroxy]ase

Effect of- E;am1nobenzoate on the act1v1ty of Q;hydroxybenzoate

 hydroxy1ase

. :Effect of 6 hydroxynlcotlnate on the act1v1ty of g;hydroxy--

3 ‘benzoate hydroxy]ase.-



' Fig.

' Fig.

R

Actlon of the substltuted benzoate derlvat1Ves K are the B

f'f'lnhlbltlon constants eva]uated in Table II The standard

'lfjfThe s]ope of the 11ne 1s l 78 .

f.’l’thgtlas

'-;::perature 2°c pathlength, 1. 0 cm.

‘ tafccondltlon._f“

| -g.poor. o

": ferrors 1n 1og K are 1nd1cated by the vert1cal error bars The‘f

.Hammett substltuent constants ‘ are summar1zed 1n Tab]e I. .The'.*"

(

: est1mated errors °f 0 are plotted as horlzonta] error bars S

-

.CD spectrum of p;hydroxybenzoate hydroxylase 1n the presence
':¥.fof 6- hydroxynlcotinate and p;hydroxybenzoate The enzyme R
- (6 7 X107 5 M) 1s in 0 05 M pota551um phosphate buffer pH 7 5

n;;ptemperature 2°C pathlength 1 0 ¢m.

5CD spectrum of p:hydroxybenzoate hydroxy]ase 1n the presence |
-f;of g:fluorobenzoate and p:hydroxybenzoate The enzyme (6 7 x ;5,J
'ilo =5 M) is in o 05 M potas31um phosphate buffer, pH 7 5 tem-,

The effect of NADPH on the CD spectrum of Q;hydroxybenzoate

;7"Ehydroxy1ase‘v The enzyme 15 in 0. 05 M potassxum phosphate |
~ buffer, pH-7.5; temperature 2°C, path]ength 1.0 am;. a"ae”°b‘°’”"ﬁf'5ngi

,~"t{1n the presence of 10 -3 M NADPH —-:;;-—-on—-enzyme 1n the
“-Ei;fpresence of 10 3 M NADPH and 10 -3 M p;hydroxybenzoate

: '};;... 1nd1cates reglon of the curve where 51gna1/n01se IS
\ L

enzyme a]one (6 9 X 10 -5 M); f_f'fi; enzyme R R
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© INHIBITION BY BENZOATE

'|;33_x10‘3

1 8.33x10°%

3.33x1074

8.33x1075

ral

- XBL7010-5463
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50 - ' INHIBITION BY p-NITROBENZOATE

R B —71.33x1073
—8.33x10°%

—3.33x1074

© XBL70i0-5465
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® 40|~ INHIBITION BY p-CHLOROBENZOATE

. XBL7010-5464

N .
.

v ‘(&v.
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8.33x107%
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200 =

50 /

275

©/1.33x1073

~ INHIBITION BY p-AMINOBENZOATE

',8'.33_x'l,0‘4' - a

©333x107%

. 8.33x10°5

U XBLT7010-5461
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.LEGAL NOTICE=

This report was prepared as an account of work sponsored by the
United States Government. Neither the United States nor the United
States Atomic Energy Commission, nor any of their employees, nor
any of their contractors, subcontractors, or their employees, makes
any warranty, express or implied, or assumes any legal liability or
responsibility for the accuracy, completeness or usefulness of any
information, apparatus, product or process disclosed, or represents
that its use would not infringe privately owned rights.
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