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ABSTRACT 

The mechanism of action of .2_-hydroxybenzoate hydroxylase from 

Pseudomonas putida, strain M-6, has been investig~ted. The aromatic 

substrate analogues, benzoate, .2_-fluorobenzoate, .2_-chlorobenzoate, 

.P_-nitrobenzoate, .2_-aminobenzoate, and 6-hydroxynicotinate, are found 

to be competitive inhibitors. This finding differs from the previously 

reported noncompetitive behavior in a different buffer system. 

The optical activity of the enzyme-inhibitor complex is studi.ad. 

From the kinetic and circular dichroism (CO) measurements, we have 

found that the carboxyl moiety is necessary and sufficient for the 

enzyme-substrate binding, whereas the hydroxyl group alone will not 

lead to.binding. There are two classes of inhibitory analogues: one 

causes changes in CO spectra of the enzyme simi 1 ar to those evoked by 

the substrate, and the other does not cause significant changes. The 

results indicate that more than one mode of enzyme .. inhibitorinteraction 

is involved. The CO of the enzyme-NAOPH complex under anaerobic condi-

tions suggests that the oxidized enzyme and reduced pyridine nucleotide • 

form a complex, both in the absence and presence of the substrate, 

.P.;..hydroxybenzoate. Furthermore, evidence for a ternary complex is 

given. 
lo '. 
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Introduction 

Hydroxylation plays an important role in the oxidative metabolism 

of aromatic compounds by bacteria. , As a consequence, the mechanisms of 

action of those enzymes that mediate these hydroxylation reactions have 

stimulated profound interest. Two mono-oxygenases, .Q.-hydroxybenzoate 

hydroxYlase and salicylate hydroxylase, have been purified to homogeneity 

and investigated actively. 1- 4 Both monooxygenases are inducible. They 

are flavoproteins requiring FAD and reduced pyridine nucleotides as 

cofactors; however, they differ in specificity. Salicylate hydroxylase 

is specific for NADH, whereas £_-hydroxybenzoate hydroxylase is specific 

for NADPH. 2 The precise role of the flavin prosthetic group and the 

mechanism of action of the reduced pyridine nucleotide are not clear. 

Recently, investigation on the nature of the enzyme-substrate ternary 

complexes of salicylate hydroxYlase by fluorometric method have been 

reported by Takemori et al . 5- 7 Nakamura, Higashi and co-workers have -- --

reported kinetic studies on the reaction mechanism of .Q.-hydroxybenzoate 

hydroxylase from Pseudomonas desmolytica. 8,9 

To elucidate the mechanism of enzymatic catalysis it is pertinent 

to study the intermediate enzyme-substrate complexes and also the inter

actions of various analogues. Hesp et a1. 2 reported that the CD spectrum 

of Q-hydroxybenzoate hydroxylase was perturbed significantly upon addi

tion of the substrate, .Q.-hydroxybenzoate. CD measurements thus provide 

a sensitive method of studying the enzyme-substrate complexes. This 

• 
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re-port p'resents --the results of a kinetic ~tudy which 1ndfcates the 

c6-mpeti"i:ive' -inhfbitory behavior- of some of t~e substituted benzoates, 

and the circular -dichroism (Cb) whi-ch suggests the fnteraction of- the 

substrate- and th~ bo~nd FAD • 

.Q.-Hydroxyb~nzo:ate hydroxylase was induced in Pseudomonas puti da. 

i"t\e 't~o -~ubspec'ie~,: :p'utida"and desm~iytica~--li~vefunctiO'nafly the same 

.Q.-hydro~b~n£dat~ hYdro~ylas_es.; however,-- ttie.Y' differ--in the ~ubsequEmt 
ox1dation 'of--prot'bcate-chu~te •. -Th·e 'former: us-es the''ortho ~leavage- path--

- 'way,- yi~ldi n:g ·-a-carboxy-cis-cis-muco,nate; lO· the 1 atter Lis-es .. meta. cleavage t 

yie l dirig' a~hydroxy-y~carbo~y~ci s~ci s~muc'oni c 'semi aldehyd-e~ 11 . 
.• ' t' .. ·' 

Ma·teri.aL- Reage'nts used ~o'u.ti ne ly 'for enzyme preparation and assays 

. w~re the pu.re$t.-'gr-ad~ tibt~i~~b·l·e ~nd purchas-ed :fi"om sources described'' -

·prev-iously} .NADPH. (grade II), NAqH(Sigma grade), NADP+ (grade·- III), NAD+ 

(gr'ade- IV). FAD_ {grade- I li) ,.Q_-fl uorobenzoate, and -.Q.~amfno:benzoat~ were -

purchased· -from ·si g~a. ~- 6-Hydroxyni co tin; c acid. was obtai.ned from A 1 dric~. 

Pheno·l '~a~f-from Mallinckrodt Chemi-cal .• · and E_~chlorOben'zoate, .Q_-nitro_benzoate 

were from Eastman Kodak. All the benzoate derivatives and phenol 

were tWice crystallized frOm wate.r before use. Al Fother: .reagents . - . . . . . . 
. . . .· . . .. 

were· used directly without furtherpurification. 

Enzyme preparation. .Q.-Hydroxybenzoate hydroxylase fr:om Pseudomonas· 

_ putida, s·tr~in M~6 {1\TCC 17428), was prepareq and. purifiti!d. by a moqifi-
. . . . . . . ·: . . 

.. ~ation of: the,'-me.thorl.described in paper I- ·af this s·eries~ The met.hod is 

s·imil ar to that reported in paper Il. The purified. er)zyme. wa·s stored in 
' . ' . " . . ·.. . . . . .· . -' • . .··.- .· . . 2 

:a- stabilizfng~_rrt1xture at_ ~70°C until use~ as.described previously. 
. . ' ~ 

. The enzyme ~as found to denature slowly over_-a .period of::_orie ye_ar. 

• 
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The preservation of the enzyme was improved by storing it under an 

oxygen-free helium atmosphere, 

Enzyme assays •. · .Q_-Hydroxybenzoate hydroxylase was assayed by 

spectrophotometric measurement of the substrate-dependent oxidation of 

NADPH. The pr6cedure has been described earli~r. 1 The standard assay 

system is slightly modified from the previous method. The standard 

system contained in 3.0 ml, 67 mmoles K2HP0 4-KHl04 (pH 7.0), 

3.3 llmoles of FAD, 0.13 nmoles of NADPH, 0.67 mmoles of .2_-hydroxy

benzoate, enzyme and deionized water. The unit of enzyme activity is 

defined as that amount of enzyme which oxidized l .0 llmoles of NADPH/min 

under the conditions of the spectrophotometric assay. 

Kinetic measurements. The kinetics were studied spectrophoto

metrically by measuring the substrate-dependent oxidation of NADPH at 

340 mlJ. Various substrate analogues were incubated for 2 min (or longer) 

before the measurement. All substrate analogues were adjusted to pH 7.5. 

All experim~~ts were carried out at 20°C ~ l°C. Each experiment was 

repeated at least twice until consistent results were obtained. 

Spectroscopic method. The absorption spectra were measured in a 

Cary Model 15 spectrometer. The circular dichroism measurements were 

obtained with. a Cary Model 60 spectropolarimeter with a standard Model 

6001 to accessory attachment. A Cary thermostattable temperature cell 

compartment was used; the temperature for all experiments was maintained 

at 26 C! O,l°C. The slit width program was set~ for 15 ~resolution and 

the time constant and scan speed were adjusted for best signal:noise 

ratio for each individual experiment. In all cases, optical path length 

of 1.0 em was used. 

• 
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Anaerobic experiment. To effidentlyachiev~ the anaerobic condition 

without denaturing the enzyme in a cuvette suitable for optica,l activity 

measurement and s ti 11 permitting the addition of various reagents 
. . 

have been found to be diff-icult. We have us.ed the method described 

previously. 2 The 'space above the enzyme· solution in the cuv·ette is 

first flushed with oxygen-free he 1 i urn for 30 min. The enzyme so 1 uti on 

is then bubb~ed ~ith o2-free helium at a rate of 1.5 cc/min ~o~ 15 min. 

If the enzyme is noticed to-denature during the assay procedure, the 

result is discarded. We have been able to achieve strict an~erobic 

condition with negligible amoun~ of denaturation. 

Results-

·chemical str~cture of substrate analogues: Several .aromatic com

pounds which are structurally related to .Q.-hydroxybenzoate, but cannot 

serve as a substrate, inhibit the enzyme.· The benzoic acid derivatives 

vary in strength according to the nature of the substituent and its 

ring position. The relative strength of a substituted benzoic acid 

is characte\ized by a substituent constant a. The more electron-attracting 

a substituent is, the more _positive is its a value (relative to benzoate as 

zero). Conversely, the more strongly a substituent donate~ electrons, 

the more negative is its a value. These values. for the inhibitory benzoates 

are g i v en i n Tab l e I . 

Kinetic study. It was reported previouslyl that benzoate and a 

·--• series' of its.analog~es were inhibitory to the. activity of Q.-:-hydroxy

benzoate hydroxylase. Using Tris-HCl buffer ·system for assay, the 

inhibition was found to be non-competitive. However, enzyme activity 

drops very quickly during the assay in Tris buffer system (pH 8.0). 

• 
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Accordingly, there was inaccuracy in determining the initi.al velocity 

of the reaction .. We caul d overcome this problem by rep 1 acing Tris_.HCl 

buffer with a phosphate buffer system (pH 7 .5), in which oxidation of NADPH 

proceeded almost linearly even at very low concentrations of NADPH and enzyme. 

By employing the improved assay system, we have found that benzoate, 

Q.-fl uorobenzoate, Q.-ch l orobenzoate, Q.-ni trobenzoate, Q.-ami nobenzoate, 

and 6-hydroxynicotinate are all competitive inhibitors. Figs. 1-6 show 

the Lineweaver-Burk plots of the enzyme activity in the presence of 

these inhibitors. All of them are typical competitive inhibitions. 

The Ki values were determined by the method described by Wilkinson
13 

and Cleland. 14 The results are given in Table II.· 

A Hammett plot of the action of the substituted benzoate deriva

tives is given in Fig. 7, where the logarithms of the inhibition c~nstants 

Ki's are plotted against their a-values. They fit the Hanunett equation 

very well. The "reaction constant", p, which i$ the slope of the Hammett 

plot, is estim~t~d to be 1.78. The sighificance of pis that it measure£ 

the sensitivity of the reaction to the electrical effects of substituents 

in the meta and para positions. A positive p value suggests that the 

inhibition is favored by increasing the nucleophilic reactivity of the 

carboxyl group. 

Phenol shows no inhibition at concentrations below 0.01 M. Inhibi-

tory effects occur at concentrations greater than 0.01 M, due presumably 

to nonspecific binding to the enzyme. The results are gtven in Table II. 
' . ' 

The above findings suggest strongly that the carboxyl group is 

necessary for the substrate analoge to inhibit the enzyme and possibly 

is involved in the binding at the active site. 

• 
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Ctrcular dichroism spectra of the enzyme.;.inribitor complexes. The 

CD spectrum of the holoenzyme of .P.,-hydroxybenzoate hydroxylase has been 

reported previously. 2 The effect of the substrate, Q..-hydroxybenzoate, 

on the holoenzyme manifests itself in the visible region of the FAD 

absorption. The perturbation of the holoenzyme CD spectrum upon addi

tion of .Q.-hydroxybenzoate was given in paper I I. The CD spectra of the 

enzyme-bound FAD holoenzyme) 'i.n th~ absence and presence of the inhibitors 

and substrate, .P_-hydroxybenzoate, are given in Figs. 8 and 9. The 

effect of benzoate on the CD spectrum of Q.-hydroxybenzoate hydroxylase 

was described earlier. 2 A large change was obs~rved in the CD spectrum 

of Q_-hydroxybenzoate hydroxylase upon addition of benzoate. 

p-Fluorobenzoate. The CD spectrum of the enzyme was changed by 

the addi.tion Of 10-3 M .Q.-fluo~obenzoate. The 367 nm CD was slightly 

shift~d ~nd decreased. The 455 hm band also decreased. Addition of 

10-3 M .Q.-hydroxybenzoate to the enzyme .P_-f1uorobenzoate system produced 

the familiar change of the CD spectrum characteristic of the enzyme 

Q..-hydroxybenzoate complex. 

6-Hydroxynicotinate. The effect on the CD spectrum of the enzyme 

caused by addition of 10-3 M 6-hydroxynicotinate was significant. ·Both • 

the 367 nm and 455 nm CD bands decreased markedly. When 10-3 M 2::·hydroxy

benzoate was added to the system, enhancement of the 455 nm band was 

observed. The. general appe-arance of the CD spectrum resemb 1 ed that of 

the enzyme Q_~hydroxybenzoate system, 

p .. Ami.nobenzoate. In contrast to the effect produced by .r..-fl uoro

benioate' benzoate, and 6-hydroxyniC:otinate, the addition of lo'"'3 !i 

J?....-aminobenzoate·caused almost no modificati.on of the CD spectrum of the 

... 

•• 



•• 

-11-

enz,yme except a slight decrease of the shoulder at 340 llliJ. Even after 

the addition of 10-.3 !1 £_-hydroxybenzoate, no further change was observed. 

This experiment was repeated with the order of addition of 2_-aminobenzoate 

and £_-hydroxybenzoate reversed. The same final CD spectrum was obtained. 

Since p_-am.inobenzoate did inhibit the enzyme, this may suggest that the 

interaction of p_-aminobenzoate with the enzyme is such that it does not manifest 

itself in a CD modification. This result ind1cates the possibility of a dif

ferent mode of binding between the enzyme and .Q_-aminobenzoate than that 

between the enzyme and p_-fluorobenzoate. 

p-Chlorobenzoate and p-Nitrobenzoate. They have been shown to be 

the weakest inhibitors (Table I). The CD spectra of the substrate 

analogue-enzyme mixtures are not significantly modified. 

Evidence for the direct binding of NADPH to p-hydroxybenzoate hydroxylase 

Since CD spectra of p_-hydroxybenzoate hydroxylase served as a sensi

tive means of detecting the formation of the enzyme-substrate complex, we 

now extend CD measurements for studying the interaction of NADPH with the 

enzyme. 

Under anaerobic condition, produced by flushing the system with helium, 

the effect of NADPH on the CD spectra of plain .Q.-hydroxybenzoate hydroxylase 

was examined. Upon addition of NADPH, there were marked changes, as 

shown in Fig~ 10, in the CD spectra of the enzyme. In the presence of NADPH, 

both the negative and positive CD bands of the plain enzyme (maxima at 

455 nm and 367 nm, respectively) are blue shifted. In addition, a nega-

tive contribution to the optical rotation is .observed. When £.-hydroxy

benzoate is added in addition to NADPH under anaerobic conditiun, the 

broad negative band of the CD spectrum of the enzyme-NADPH mixture becomes 

• 
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even more negative. The results suggest that 1?_-hydroxybenzoate hydroxy

lase forms a ·complex with NADPH both in the absence and presence of 

E:hydroxybenzoate. .,i "· 

·· In orde~r to find whether NADPH or its oxidation product, NADP, is 
. . 

responstbl;e for this binding, the effect of NADP on· the ·co spectra of the 

enzyme wa·s examined. Under anaerobic conditions, there are no significant 

changes. in. the CD s·pectra of the enzyme upon addition of NADP. NADP does not 

affect the familiar 's·ubstrate.;;induced changes in CD spectra of the enzyme 

under aerobic toriditions. These facts indicate that there is· probably no 

interaction between NADP and .Q_-hydroxybenzoate hydroxylase or, at least, 

it does not manifest itself in a CD modification •. · 

NADH does not induce ~ignificant changes in CD,spectra of plain 

enzyme solution under anaerobic condition. Therefore, the enzyme-NADPH 

'complex ishighly specific, which is consistent with previous reports. 1•2 

From the results described above, we cannot determine the order of 

.the binding of the substrates, NADPH and .Q_-hydroxybenzoate, to the halo-
" -·· 

~nzyme in the ternary enz.yme-£_-hydroxybenzoate-NADPH complex. We leave 

it for the future study. 

Discussion 

As has been reported, discrepancies were found among the modes of 

inhibition of E..-hydroxybenzo(lte hydroxylase by a number of substrate 

analogues. ·.The analogues, such as E_-fluorobenzoate, E_-aminobenzoate, ·.· 

benzoate: and others, inhibited E,.-hydroxybenzoate hydroxyla~e from Ps . 
. , 

putida A3.l2 in a non.,..competi.tive manner} whereas these analogues 
. . ' 

were competitive inhibitors to the Q.-hydroxybenzoate hydroxylase from 

Ps. putida M-6 (this report) and Ps. desmolytica. 8 These discrepancies 

• 
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•• 



: . 
•• 

-13-

may be ascribed to the different buffer systems used. In the Tris....:Hcl 

1 2 buffer, pH optimum i.s 8.0 as compared to 7.5 and 7.0 found in potas-

sium phosphate buffer system, and .furthermore, the enzyme activity is 

found to be inhibited, 'increasingly and markedly, during the assay due 

to the presence of chloride ion(a). This inhibitory action of chloride 

ion made the calculation of enzyme activity inaccurate and resulted 

earlier in an erroneous interpretation of the mode of inhibition. 

The competitive behaviors of the benzoate derivat1ves indicate 

strongly that the carboxyl group is essential in the binding. Phenol 

does not inhibit the enzyme up to a very high concentration where non

specific binding may take place. The above findings, in conjunction 

with the fact that the enzyme will only catalyze 2_-hydroxybenzoate and 

will not catalyze the other analogues to any significant extent,1 lead 

to the following hypotheses: the carboxyl moiety participates in binding 

with the primary site, providing an "anchoring'' and, subsequently, the 

hydroxyl group is bound to a secondary site to facilitate the catalytic 

activity. This is in agreement with the two binding sites model proposed 

befor~. 2 ' 8 ' 9 The positive "reaction constant" (p = 1.78) obtained from 

the Hammett p 1 at (Fig. 7) suggests that the primary binding site is 

favored by a nucleophilic attack. 

Examination of the enzyme-i.nhibitor complex by CD spectrum showed 

that there are two classes of substrate analogues .which competitively 

i.nhi.bi.t enzyme activity. One class of substrate analogues causes 

(a)Roland G~ Kallen and Keiichi Hosokawa, unpubli.shed results .. 

• 



changes tnCD speCtra, and the. other class shows. no significant 

ch..anges. .e.;Fluorobenzoate belongs to th.e fanner, and 1?_-aminobenzoate 

is an example of the latter. 

1?_-Fluorobenzoate binds to the enzyme, as evidenced by a remarkable 

change in CD spectrum upon addition to free-enzyme. If 1?_-hydroxybenzoate 

is added to the £:fluorobenzoate-enzyme complex, the CD spectrum is con

verted to the one similar to 1?_-hydroxybenzoate-enzyme complex. This 

indicates that £-fluorobenzoate binds to the same site as the substrate, 

and can be displaced by the £-hydroxybenzoate~ On the other hand, 

£-ami nobenzoate does n·ot produce s i gni fi cant changes in CD spectrum of 

th.e free en~e, although it inhibits the enzyme activity in a competi

tive manner. 1?_-Aminobenzoate may bind to a site other than the one 

binding 1?_-fluorobenzoate, and thus interfere wi.th the overall reaction 

of .E_-hydroxyoenzoate hydroxylase. Furthermore, the CD spectrum of the 

.E_-aminobenzoate-enzyme mixture is not affected significantly upon addi

tion of £-hydroxybenzoate. Conversely,· the CD spectrum characteristic 

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

enzyme spectrum by the addition of £-aminobenzoate. The results show 

that the binding of £-aminobenzoate to the enzyme causes a secondary 

effect on the substrate binding site so that p_-hydroxybenzoate can no 

longer bind to its site, resulting in the inhibition of activity. 

By CD studies, we obtained evidence that NADPH binds to free .Q..-hydroxy

benzoate. hy,droxylase. The blinding, is so specific that NADH does nqt 

become associated with. tne en~e, These findings well explain th.e specific 

requirement of NADPH for the enzymatic hydroxylation of .Q..~hydroxybenzoate. 

• 
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Prel'iminary proton magnetic resonance study of.the relaxation times 

of the NADPH protons in the presence of .Q_-hydroxybenzoate hydroxylase 

revealed NADPH binding with the enzyme •. This result supports the above 

described CD study that NADPH specifically interacts with Q.-hydroxybenzoate 

. hydroxylase. 
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TABLE·. I (a) 

Summary .£f. Hammett substituent constants, a_ . 

Estimated 1 imi ts 
· of uncertainty 

0.1 

0.04 

0.02 ' 

0.02 

0.02 

(a)a values were based on ionization of substituted benzoic 

acids. 12 
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TABLE II 

Inhibitory effect Qf_ substrate analogues 

Substrate analogues 

p-Nitrobenzoate 

6;..Hydroxynicotinate 

p-Chlorobenioate 

p-Fluorobe~zoate 

Benzoate 

p-Aminobenzoate 

Inhibit1on (%)(a) 

16 

17 

12 

35 

25 

81 

.. K.(b). 
1 . 

( 4 • 2 :!: l • 3) X J 0-4 -M 

. ( 3 .l :!: 0 • 4) X 1 0 ~4 

(1.~! 0.3) X 10~4 

-, + ) X 10-5 7.6 - 1.9 

(5~9 ! 0.5). X 10-5 

+ -6 (4.2 ~ ·0,9) X 10-

(a) Inhibition was measured by the ·p-hydroxybenzoate-dependent oxidation 

of NADPH in the presence of 3.44 ~9 enzyme, 0.1 mM p-hydroxybenzoate, 
. . . - . .. . . 

· 0.33 mM substrate analogue and the other conditions were the same as .the 

standard assay system mentioned in the section on experimental procedure. 

(b) K; values were calculated, assuming a completely competitive inhibi

tion, by a linear regression analysis -of the equation 

ill= ill+~ (1 +ill) 
v · Vmax Vmax · Ki 

where S and I denote the substrate, p-hydroxybenzoate, and inhibitory 

substrate analogue, respectively, v and Vmax are 'the reaction velocity 

and maxima 1 reaction ve 1 oci ty, ~ is the Mache lis-Menton constant and 

K; is the inhibitor di$SOciation constant. In qur kinetic measur~me~t, 

the velocity determinations, probably are reasonably homogeneous in 

variance. If the variance of v is o2 , the variance of [SJ/v can be 

shown to be Q-
2[s]2;v4 (13). Therefore, in fitting the ·linear form to 

the above equation, the prope~ weight v4;[s]2 is used. Ji)e standard 

error of K1 i.s estimated by standard procedure of propagation of error. 

All computations w:ere done on a CDC 6600 computer. 

. .· ~. 

• 

•• 
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TABLE U I 

Phenol inhibition(a) 

Phenol cone. % Inhibition 

1 o-1 M 78 

5 X l0-2 M 51 • 5 .· 

.10""2 M 0 

10-3 M 0 
.. 

10-S M 8.3 X 0 

0 0 

(a)The standard enzyme assay system was utilized with 

·1 mM .Q..-hydroxybenzoate. 

·:,, 



Condition 

Aerobic 

Anaerobic 
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TABLE IV 
' 

. Effect of reduced.and OXidized pyridine JlUCleoti:des 

Q.ll the C.D spectrum of p..,hydroxybenioate hydroxylase . 

_Q:Hydro,xy

. b~nzoate 
NADPH 

. l 

.... · .. 

absent. . No changes, but the 

conclusion cannot be 

1 
deduced, because NADPH. 

is oxidized in thi~ 
system. 

No changes. 

.. 
FaliJiliar present NADPH isJ· oxidized 

quic~ly. . . changes ..... -

NADH 

absent Ma·rked changes. No effect. No significant. 

present Further changes, more 

than above. 

;,;< : 

'•·. :.· 't, 

·'······ 

. ! 

. changes. 
'· 

Slightly 

affected. 

. ' ~- . . 

.· ~: 

.. , .. 
(r. 

"'" ' .. 
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Figure Captions 

Fig. 1. Effect of benzoate on the activity of g_-hydroxybenzoate hydroxy-

-• lase: double reciprocal plot. The data are plotted by the method 
15 of Lineweaver and Burk. Assay conditions were described under 

11 Experimental Procedure ... The reciprocal velocity, 1/v, is in 

arbitrary units. The concentrations of benzoate in Mare indi

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

Fig. 2 through Fig. 6. 

Fig. 2. Effect of £-nitrobenzoate.on the activity of g_-hydtoxybenzoate 

hydroxylase. 

Fig. 3. Effect of £-chlorobenzoate on the activity of £-hydroxybenzoate 

hydroxylase. 

Fig. 4. Effect of g_-fluorobenzoate on the activit~ of g_-hydroxybenzoate 

hydroxylase. 

Fig. 5. Effect of _E:aminobenzoate on the activity of _E:hydroxybenzoate 

hydroxylase. 

Fig. 6. Effect of 6-hydroxynicottnate on the activity of E.-hydroxy

benzoate hydroxylase. 
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. Ftg .. 7.·· Actionofthe substf~~t~d. benzo~te der1v'adves'~ 'i<i· are_ the 

i'nttl'btttOk· con~tant~.:~val'uated in Table 11.. The ~tandard. 
errors. l.n 1 og Ki are indicated by t~~ verttc~l. error_bars ~ · The 

. :-~~~· .. ___ ·. :. :~>. '· -·:· -,; ~-: t: ·.· .. ·: . ~~ .. · ·... ' : ... ~ ._ ... ' .::. \-. ',·· ·.· . ·. _·. . . ... ~-- ·.. . ·-,. 

Hammett ·substituent. constants. · ar~ ~untriarized in· Table L The 
: .. _·,·.,·· ,• . . . . 

:~- .. ·····. !-;; ·,· .. · ..• : .. ~--- :-·}c-:- ... :~··./· .. ·-,, .. _~ :·--;·:··. _:. ,;":i; -~: .· :··.,·· •.. :, __ ·.·· · ..... . 

. estimated. errors of a are pl ott~d as ~·ori zontal error bars . 
. : ··. . . . . . .· ·. . ·.. .. . . ' . . •. . . 

; I,·~ ' ' ' f.. • i •' ': ' ' .. ' ·, ' . I . ~ : • ' '' • ' . • . • •, ~·. . . • ~· . 

The _slope of. the line .is 1.78. 
.,.: ~- • f 

l. :·:· •· ,· _;- < 

Fig •. 8. CD spectrum of Q.-hydroxybenzoate hydroxylase in .the presence. 
. ·. . ' . ... . ' . '• .. " . . ..... . · .. 

· .· :a:f. 6~t1.YCI_r.tix.Ynt c_ot i n~t·e ·and Q.~hydr.oxybenzoa te ~ The ·enzyme · 

(6,?.-x'.l'o-5 M) i.s in.O.d5 M potassium phoii>hate buffer~ pH 7.5; .. . . .. . . . ' . 
. ·. . . . 

t~~perature 2°C; pattilength·, .. l·~·o em. 

Fi~ .. 9 • CD spectrum ·of l2.~hyd~O)(Yb-~nzoat'e hydroxylase in. tile. presence 

. ·of :i~fluorob~n~oa~e ·and ~~hydr~~;·b~.~zo~~e.·· ·The e~zym~ C6.7 x 

·'1o·5 M) ,.~· .fn :o.os M potassi U!n~ phos#1at~· buffer, pH t:5; tem- .. 

, _pE!rature 2°C; pathlength, l.O em. 
. . ·-- .... 

· Fig. 10 ~ The· effect of NADPH oA the CD s.pectrum of .e...:.hydrmcyb·enzoate. 
' .. . .. 

. . hyd~oxy 1 ase ~ . The enzyme is in 0. 05 M po tass i urn phosphate 
.· . . .· .. ' . . . . . . ' ·. . . 

. . 

J .. 

·' 

.... · ·~: 

. . :· ;· . " 

• • 

: buffer, pHi.5;·temperature 26 C}pathlerig'th, l.O em; an~erobic·~ . 
. ' c6n~itiori~ . erizym~ alone(~.~ ·x ,~-s ~);- _, -·_ ·- enzynle .••. 

, , ... _ -~n<t~e ~resence '.of 10~3 .M ,:f~AD~H: ,-'; :~··. -~enzYme ~in:· ~h~·~ ::,:· . . : ><·>" 
. I, .. _,. pr~senc~_of J0.:.3'··M .NADPH ~n~-]~:.'3 M !i-hydro~y~enzoa-te. ·. .. . . . . > .• ';: 

. ,··.· . .... . . ·. ~ ··,:' .. ;:· • .i-

. '· ~- . . . ... '' . 
. ~· .. 

in.d1cates region of the curve where .signal/n'oi~e. is 
\.. . 

·::. ... . . . 

. · .. ·: . 

·,. . ·. ·' .. · ... ·;· . ' . 
. ·. . ~ 

. .··. · .. 
.. . ~; ' . . . .. ... 
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INHIBITION BY BENZOATE 
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INHIB.ITION BY p~NITROBENZOATE 
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IN HI BIT ION BY p-GHLOROBENZOATE 
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r-------------~--LEGALNOTICE------------------~ 

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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