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AWract-L-UsniE acid inactivates urease through tk formation of high hf, a8gregata of tk myme. In addition, 
L-usnic acid strongly binds to the protein, blocking tk essential -SH groups of tk urease molecule. Low 
concentrations of dithiothreitol (about 0.8 mN) reverse this blockade without any modi&rtion in tk pattern of 
polymerization, inducing the appeamnce of active high hf. po!ywrs. 

WlRODUCTlON 

Usnic acids have been shown to k powerful inactivators 
of several enzymes. Inactivation of urease by sodium 
t-usnate is, in part, related to the formation of aggregates 
among different enzyme subunits [ 1] by using both L- 
&nine and L-proline residues in the urasc molecule ax 
binding sites for the inactivator. On tk other hand, the 
present of Lqsteine in the incubation tnixturcs rcvcrscs 
this inactivation because the higJtul hf, forms of 
thc~~~~[2].~~~~~~ 
of a third site of binding for t-usnic acid has been 
postulated (33. 

Essential -SH groupe of the enxyme. the in&g&y of 
which are nazessary for enzyme activity [S]. are defined as 
sites of high affinity for L-wnis acid and support tk 
inactivation process [ 3 J. The additional polymerization, 
which is not affected by chemic& protecting -SH 1poup4 
is carried out by the linkage of t-usnic acid to the low 
a%nity sites, presumably both L-aianinc and t-proline 
residues [S]. 

The present pqcr reports tk action of dithiothreitol 
on the inactivation of urease by usnic acid. 

RESULTS 

Figure I shows the inactivation of urase by t-usnic 
acid with concentrations varying from 8.2 to 41pM. 
However 0.8 mM dithiothr~toi reverses this inactivation 
when tk chemial is inch&d in tk incubation mixtures 
together with the inactivator. and when L-usnic acid is 
added after 5 min of incubation of tk enzyme with 
0.8 mM dithiothreitol. This concentration was chosen on 
the basis of tk results shown in tk insert in Fig. 1, which 
indicate that dithiothreitol concentrations higher than 
I mM inhibit urease activity. 

Separation of larger fractions of urease polymers was 
achieved by filtration of the incuhtion mixtures through 
Sepkrose 4B (data are not shown). Untreated enzyme 
elutes as a main peak at 160 ml of tiltrate, retaining tk 

*Author IO whom carcspo~~%~~~ should be ddrcssai. 

highest enzyme activity. This peak is homogeneous on 
polyacryhmidc gel eiaztrophoresis fPAGE)and identified 
as native a-ureas, with an y of 483 Ooo. Inactive potymffs 
of urase, prodwbd by tk action of 41 )rM t-usnic acid, 
dutc in the void volume, tk tin w of active enxymc 
being formed at I10 ml of filtntc. 

Tbe protein (rated with 0.8 mM dithiothreitol shows 
as a main peak of activity a1 120 ml of titrate. A different 
pattern of elution is obetrved when the enzyme is 
incubated with both 41 PM t-usnic acid and 0.8 mM 
dit~o~~t~. Different &mers which retain some 
enxyme activity are cluted at 70 ml, although tk main 

Fio 1 EiTti of both I.-usnic acid and dithiothrcitol on urcse 
rrivity. (*) 0.5 me wau and buaaic a&l were incuhtai for 
Sakn l t 3P in 3 ml of 75 mM pbaqrbrtc buffer, pH 6.e, 
(4 0.8 d4 dithiothnilof 8ddd at IPO tin (m) 0.5 mg UT(UC 
and 0.8 mM dith&hrci~d were pr&cuMcd for 5 min at 3P 
piorlorbsdditioaofL-utaicdd.Erhpointirtbe~mcpof 

thfCCN!ptkStO&VCftiCdb?S~vttbC-~.~inrat 
6bOW6tb6CKCClOfWVCfd camntrdom of dithkxhreitd on 

umr activity after 5 min of incuhtion at 37”. 
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Tabk 1. AtAn and inactive fm of urase prod& by L-uric ad ad dithiothreirol 

Frrtion HomopMiry 
from % of % of from 

sepb= Number of Pm& lOId rcmainillg ekmopbomic 

cztkmkd* 46 (ml) ytxw mmlc4ncfs h&9 pr0tCiIl activity mobiliCy 

L-Usnk 70 1040 65 0.24 280 - 0.0% 
acid 90 59s 62 0.22 2n - 0.05s 
L-Usnic m I040 65 0.24 280 0.73 0.050 
acid* 90 995 62 0.22 280 63.70 0.055 
DTT 110 880 55 0.67 7.75 IS.00 0.055 

0.130 
0.175 
0.210 
0.230 

l 4t.OpM AJsnic acid and 0.8 mM dbhiorhreitd in the incubtion mix~es. 
t Dcterminal from Blwation pwm. 
$Tk numbers indicate the ekctrophorctic mobility of C&I m which is rcvakd by staining with Coompuie 

MIX dye. 

fractions of protein are heterogeneous on PAGE 
(Table 1). The polymeric form retaining the highat 
enzyme activity is elutcd only at 90 ml without any 
similarity to that of a-ureasc de&bed. 

The incrasc of free thiol group6 in the protein arc 
shown in Fig. 2. Incubation with buffer (Fig. 2A), .8 mM 
dithiothrcitol (Fig 28). 41 PM L-urnic acid (Fig. 2C) or 
both insctivator and protactor (Fig. 2D) were carried out 
for 5 min at 37“ and denrturation with 8 M urea and 
reaction with N-cthylmakimkle was carried out at least 
for 70 min using sampla of enzyme containing 0.5 mg of 

Fig 2. Qu~ti~~tivc &crminatioa of fret -SH group oT: 

(A) u~tracsd urmac (B) eozyma iocubaal with 0.8 mM dithie 
threitol; (C) uraac iocubaaJ rich 0.8 mM dithiotJu&ol and 
4tpM Lunicrid;(D)urcuciacu~tatrith41pM L-uak 
rid. ( x ) l tmhna aI 300 nm; (0) d- WilboUl proceil& 
(0) comxlItralJoo of free thiol group E&l point il the l venp 

of three repliala. Vertical bus give the rtlndud error. 

protein. The -SH concentration in the untreated enzyme 
reaches a value of 84.7 mol of thiol/mol of protein 
(Fig. 2A). When urasc ix incubated with 0.8 mM dithio- 
threitol and then dialyscd for 24 hr against 4 I. of 
phosphate buffer, the final coaoentration of free -SH 
groups, for 45 min of Ncthylmaleimide en. wax 
69.7 mol/mol of protein (Fig. 2B). Figure 2C shows the 
results obtained when urasc ix incubated for 5 min with 
41 PM L-U&Z a&j and then dialyscd for 24 hr against 4 I. 
of 2572 sodium chloride in 75 mM phosphate buffer to 
remove L-U&Z a&i. In these conditions, free -SH groups 
arc not detaztabk. whereas when urcaxc is incuhatcd with 
L-usnic acid in the same conditions but 0.8 mM D’IT is 
included in the reaction mixtures, the concentration of 
free thiol groups reaches a value of 54.7 mol/mol of 
protein for 60 min reaction with N~htylmakimidc 
(Fig. 2D). L-Us& acid strongly binds to the urcaac 
mokcule sina -SH groups are still buried after various 
trcatmcntx (T&k 2). 

DtSCUSStON 

Incubation of urasc with dithiothrcitol concentrations 
higher than 0.8 mM causa lvss of enzymes activity. This ix 
uncommon. but an analogous cffazt has been reported for 
carbamyl phosphate synthctase [6]. This has been 
explained as an oxidation of an amino acid residue in the 
active rite of the enzyme due to the protection of hydrogen 
peroxide formed by an oxidation of dithiothrcitol in the 
presence of molecular oxygen. Although this hypothesis 
could be supported by the low reactivity of denatured 
urease with Ncthylmakimidc (Fig ZB), when 
dithiothrcitol-treated enzyme is used in -SH titration [7]. 
we have not found any oxygen uptake or hydrogen 
peroxide production when ureabe ix incubated with 
dithiothreitol at concmtrations grater than 1 mM. The 
incraxc in the M, of the most active fraction of 
dithiothreitol-trattd uraxc an bt interpreted as a true 
interaction betwan dithiothrcitol and one or more 
monomers of enzyme. 

Aggregation ofenzyme monomers produced by L-usnic 
acid is achicvai in the same way when 0.8 mM dithio- 
thrcitol ix added to tk incubtion mixtures but. in this 
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Tsbk 2 E&I of several dcnaIuriug ogcnIs on -SH group IiIrrIion 
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Fnc thiol groups (mol -SH/mol cruym)* 

Denaturing 

apm1 

DenaturaIiom Enzyax 41 pM Both D-i-T 

conditions lwr!c L-usmc 0.8 d4 ad I.-USNC 
(I hr, remp) treatment acid DTT acid 

6 M urea w 84.5 f 3.1 0.0 69.7 f 27 54.1 f 2.9 

6Murca 26” 82.2 f 3.0 0.0 74.0 f 3.3 31.5 * 2.7 
I Oe SDS 
0.24 ‘=/. SDS 26” 31.4 f 1.9 0.0 14.0 f 3.3 125* 2.2 

5.8 M guanidine hydrcchlorite 100 26.0 * 2. I 0.0 SE.6 f 29 16.9 f 1.8 

4 M sodium hymlorite loo” 68.2 f 3.1 0.0 69.8 f 3.0 36.4 f 2.3 

2 “/; SDS IO0 46.~ * 26 0.0 69.0 f 3.0 21.4 f 2.3 

2’; 2-menxptaIh8nol IW 66.3 f 0.0 0.0 11.4 f 3.2 41.0*2.s 

*Values arc the mean ol Ihrcc replicsra. 
+lncubaIions arc carried out for IS min a1 37’. 

case, the aggregates formed by G&155 monomers (frac- 
lions colkc~cd between 70 and 90 ml filtrate, which arc 
homogeneous on PAGE) are active. The number of 
monomers has hccn calculated [8]. assuming an M, of 
16000 instead of that defined of 83ooO [9]. M, has ban 
estimated from PAGE assuming that ckctrophorctic 
mobility and M, do not follow a linear relationship for 
M,s greater than 90000 [IO]. 

From the estimation of the free -SH concentration 
in the protein. it is clear that L-usnic acid strongly 
binds to thiol groups in the protein producing the in- 
activation of the enzyme. The nature of this binding is 
not ckar. Its resistance to chemical ckavagc (Tabk 2) 
could indicate that L-usnk acid binds covalcntly to the 
protein_ but the chemical structure of this compound 
(i$diaatyl- 7,9- dihydroxy- 8.9- dimethyl- (1,3(2H,9bHh 
dibcnzofurandionc]) offers several possibilities of linkage 
to a thiol group. From the point of view of organic 
chemistry, the diont may oxidize -SH groups into intra or 
intcrmokcular disulphidc bridgs (case I in Fig. 3). In a 
similar way. Ldihydro usnic is easily prepared by catalytic 
reduction of L-usnic acid [I 11. But this hypothesis cannot 
explain the fact that L-usnic acid truly binds to urcasc 
mokcuk [3], and in addition. any change in absorbana 
due to a reduction of L-usnic acid has not ban observed. 
It is probable that the blockade of thiol groups was 
achieved through a nuckophilic addition into a carbonyl 
bond according to that shown in case 2 in Fig. 3. The form 
II is the most probable. sina form I is much more 
unstabk. This bond could be reduced by dithiothreitol 
and. then the enzyme may partially recover its activity 
since. in the experimental conditions described here, 
0.8 mM dithiothrcitol only reduces about 657; of the 
oxidized thiol groups. 

A similar case has been reported for glyccraldchydc 3-P 
dchydrogenasc 1121 that reacts as sulphenic acid with 
dimedone. This can also be related to the fact that when 
the pH of the enxyme reaction is high, the urcase 
inactivation wdl be greater [ 131. 

EXPERlMENfAL 

Ssmpla of 0.5 mg of uystalhac urasc (Type III. Sigma). were 
incu~tai with variabk concns of L-us& rid in a final vol. of 

Fig 3. PosaiMc moda of linkagc of L-usnic acid IO urm 
mold. Cue I suppcna tba~ Ibe protein forms disulphidc 
bridges by reducing L-usnic acid. Care 2 ruppora that uraac 
blocks their free -SH groups by a nuckopbilic l ddnion iaIo a 
c~boxyl bond of L-usnic wid. TM hydroxyl groups in the 
pbcnolic hvc no1 been used 10 bind urasc. assuming tba1 they 

are as a ChckIc ring 

3 ml, stabilized •~ pH 6.9 with 75 mM NaPi bulfer. at 37” for 
5 min. The nmp&s were assayed for enzyme rcivity by the 
&away microdilTusion method [ 141. If indiated ditbiothrcitd 

was indudal in Ibc incuhtion mixtures at variabk concnr 
ahanrtively. 0.8 mM wan chosen on tbc nundard uzry concn 
for this cbcmial. Protein was maJurcd by usrng tbc method of 
ref. [IS]. 

A first qualion of tbc different l ggrcgaks was arrial out by 
passing Ih sunplea tbrougb a Scpbuou 4B cduma @cm 
x 3.2 cm)aquili~tal tirh 75 mM NaPi buffer, pH 6.9. Tbc void 

vol. wn dcturmaed with dexnan blue 2Oar Homogeneity of th 
dIfkreut fractions, as well as rhe hf, of the diiTcrcnI aggregates. 
was acbkval in 7.5 % PAGE by using IL mc~bod of ref. [ 161 and 
staining I& pokin nIh Coomauk blue dye. Myosin (M, 
220000), atdmsc (M, 232oa)L phoqhatssc a (M 37OooO). 
soybean uraac (hf. 483ooOL thyroglelwlia (M, 669ooO) and 
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gWunic dd dcbydrogcnrw (M, I 015 OOOL d from Signs were Na~wforsch. Sk. 273. 

usedunurkm 6. Trot& P. P.. Pinkus, L. M. ti Me&r. A. (1974) J. f&l. 

To utimrte tbc tbiol group. urmc yu dearturrd with 8 M them. U9.1915. 

uraforl hrrt26”ladtbcurrywuoonduaedbytbcw(hodol 7. tiu, T. Y. (1977) in 7k frorefns (New& H.. Hill, R. L. ti 

ref. [It] u modified in rzf. [IS] u&g Netbylm&imidc u Roe&r, C. L. cds) Vol. 3. p. 239. Acddmic Prm, New York. 

ragclll. Wbcn indiated. &Mfuralion of pro&ill wu rhieved 8. S&i& K. and Mamiyq G. (lW7) Pra. 7th hum. Cmgr. 
with 0.48 M sodium dodccyl sulp&te (SDS). 5.8 M guu&iinc &&em. Tokjv. Abottrt IV. p. 761. 

blydr~ridtor~mirturrofI%SDSlad8Muraforlbr~l 9. Rdtbd, F. 1. and Gorin. G. (1964) Arch. &hem. Blophys. 
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