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 This material may be protected by Copyright law (Title 17 U.S. Code)

l’rocm'rling.x- of the 1\’a(z'0nu/ A<:aclem_i/ of Sciences
Vol. (3%, No. ‘.2, pp. 47-%—4S(), l<‘ebru:Lry 197]

Inhibiliou of Serine Proleases by Arylhoronie Acids

l\l. l’IllLIl’l’* ;\.\'l) ;\I. L. BENDER

l)('3lHtl'tlll(3Il\ of Clieinistry, Northwestern Univensity, Evnnston. Ill. 6020}

Vfmurmuz{Mimi .'\’0zienz.l)(ar 130, 1,070

/\llS'l‘R/\(I'|‘ Arylhoronie acids were found to be strong

f:()lIl[)ctili\’c inhibitors of suhtilisin and chymotrypsin.
I‘he binding constants are strongly pH dependent and
lzive u Hammett-type plot with a slope of -0.885. The pH
dependence, the Hammett plot, and nmr model-system
studies imliente that inhibition is due to electron-pair
donation by the active site histidine to the bound in-
hibitor.

The stiuly oi <-l1_\'1notr_vpsin has often been lueilituterl by the
rise ol nonsiier.-ilie inliibitors. In :t(l(lltl()1l to serving‘ such direct

|'um~tion.s us lzrlieling‘ essential groups of the protein, they are
often used in .'su<<li se<:ondtu'y roles as in the determinzttion of
‘~“‘7'.V'“1=llri<t 1'e:1.t-tiou rates in relnxution and dezteylution .~;tudie:s.
Inhibitors (111.11 also be it put of rational purifiezttion schemes.

. An inhibitor that binds .st1‘on,9,'ly but yet is easily l’CII‘10V:‘I.lJl0
lrom the binding site by slight elnmges in pH can present ob-
vious :ulv:mt:t;;es in zsueh protein studies. Equally {L(lVaI]t{I.-
.‘s"<‘ous is the :ivnilul)i1ity 01' it simple ehemieal moiety which,

Wlien atttnclieul to an otherwise nonspecific molecule, confers
“"3 “l’ilit.\' T0 eoinpetitively bind to the desired protein. The

boronie neirl ;__’,'l'()ll[), whose use was pioneered by I. V. Berezin,
ct ul. (I, 2) is zm exmnple of such [L moiety. We think that the

u.v:til:tbilit_\' of this grroiui will ,qreutly f;u-ilitztte the desigii of
"‘””l>0umls thut may have other desirable. 1>ro1)ertie.s, sueh

H5 =1 \'i.~‘ible f'llI'()l]Il)[)ll()l'(‘. or :1. spin label.

ASSOCIATIONKI(M"xio‘3) 
Fm. 1. pl] (lependenee of K1” (.\I“) for benzenebornnie

ttt‘lll inhibition of .<.ublilisin. Ethyl ;\’-neetyi-I,-tyrosin2tte(O),

rtml methyl :\’-in-(-,l_\'l-I.-Iryploplizm:Lle(O), were used as sub-
sl r:i.le.s. llulleins below [>11 (5 are neelule, between pll (i and H are

pl1o.spl1:tle, uml ulmve pll 8 are :lm1Il()lll:L, enrbon:ile, and pyro-
pln l.‘«‘])llll I e.

" .\l. l’. wns uli Nlll l’1'e:lo<'1orul l"el|ow, l‘.!(')r‘<—l‘.l'/'0.

478

M ETHO D S

The inhibition eonstzmts for -.1. series of ri11,<__>;-sLil.>.stituted ben-

zeneboronie zteids we1'e determined us it function of pH with

ehromo1>horic Substrates in buffe1'e(:l solutions. The inhibition
(-oiistznits were then extrzteted from time-course (1-‘mt (3) using_r

equzttions given in Webb (4) for competitive inhibitons. Sub-
strates used were ethyl N-zteetyl-L-tyrosiimte (.3), and methyl

N-xx-:Lee.tyl-L—t1'y1)top11zmztte (6) for eliymotryiisin, and these
plu.s phenyl liippurztte and 'p—nitro1)hen_vl zteetute (_7) for
subtilisin. Buffers used \vere zreetztte, pliosplnite, ztmnlollltl, and
<-.u.rbointt.e.

Stoppe(l—fio\v studies were (lone in :L l)u1'1'um-Gibson
stopped-flow :t])D2tI'iLtL1S. I11 this zt])})£t1‘z1l111S, equal zmiounts of at
benzeneboronie acid solution (0~6 X 10” M) were mixed
with a 2.54 X IO‘5 M p1'ofluvi11—3.20 X IO‘5 M a—eh_Vmo-

trypsin solution. The :ib.s‘o1'l)zmee was I1'1€{1SUl‘C(l at 465 nm
(ref. 8) 10 msee after mixing. The solvent used \V£LS pH 6.75

pl1ospl‘1ate buffer, with an ionic strength of 0.2.
The 11mr studies were done at 38°C on :1 l’>ruker 90-)/Ihz

instrument opemtiilg at 28.87 Mhz for the “IE nucleus. The
solvent was zn1hyd1'ous methanol; methyl borute was used :1:
un external stzmdzml.

Three times 1'ee1'ystal1ize<l a-eliymotrypsin was ]>i1rel1u.se(l

from Worthington llioelieniieztls, Freehold, N..l. Novo .subtili—

sin was purclnised from the Enzyme Development Corp., (34
Wall Street, N.Y.

RESULTS

Enzyme inhibition studies

The inhibition eoiistzmt (late. for the various 1'ing—;sul)stitutetl

benzeneboronie ue-ids was plotted as 1/K1 (in ;\I“1) versus

pll. A bell-slnrped curve resulted in every case (:Lsi11Fig. 1).
and eould be resolved to it 1/K1(_lim) and two pK values.

The first })K, for every inhibitor, was near 7. This approxi-
mzttes the pK of the enzyme czttztlytie eonstztnt, which re.sult.s
lrom the imid:1zo1e:Lt the active site.

The other pK varied with the inhibitor used; thus, this pl{
must result from inhibitor ionization. It could not result from

un enzyme-binding pK since subtili:sin shows no sueh pI{ in
the binding of neutral substrates (7, 9). With one e.\'ee1r-
tion, the pKs observed also tt])])1‘0XlIl121tC those in the litera-
ture (10). We then plotted the value of the ;seeond pl{ versus
log 1/K1(_lim‘) :n1r,lol)tz1.iner.l it least-squztres slope of -0.895
with at correlzttion eoeflieient of 0.96. This indiezttes that the

inhibitors’ affinity towards subtilisin approxiinzites their affin-

ity tow2u'Ils :1. l1yd1'ox_vl ;_r;roup*. This is seen in Fig. 2.

* Bnronie zreids 1)rol)ztbly ionize us Lewis iteids.
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