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Ihe phenomenen of regulation of the catalytic wetinity of enzynigs via dhainging ther algomerie compositon i the systam of reversed mnclles
of sochum bist2 ethythexy Dsulfosucim e (AL DY i ovtane was studied uung 2 daiemuoteypain (€ 1) from bovine bramn and alkaline phosphatase
(AR trom calfantestinal mucosa The dependences of the engyme catalytic activity vathe AO T hsdratan degree (B2 ={1H,03) (AO T]), the parametel
deternmmmtig the radiue (1) of the ner vavity of mielles, usuably represent the beil shiped curves  The masinial catalytic achivity 15 observed Wt
such B, when rpas equal to the size of the ensymie molieule Fhe position of thirs maamum steitly carrelater with the enzyme oligomeric vomiposi-
tont Thus n the case ot C1thie s abserved at Ho - 12 when 7 15 equil ta the radias (7)) of the €1 globule In the case of wrtibaally produced
conjigate contaming sis crosshinhed € I ntolesules, tis s observed at 43 when r, 15 equal ta the radius of the sphere surraunding the absolute
mctahedron vomposed of six CF globules The dependence of the catalytie activits of AP on B, represents 4 curve with two masima that are ab-
scived when v s equal to r, of cither AP monomer U, = 17 of AP dimer 38, =29 Ultracentnifugation esperiments revealed that variation of
B vamses a dhange in the obgomerne compostion af AP s transition from monomerie (M = 20) to divenic form (B, .+ 200 Henee the observed
maxig correspond to functioping of difterent shgomerie forme of AP
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1. INTRODUCTION

Study of the structure/tunciional relationships rea-
lized m the supramacromoleculdl protem compleses,
patticularly, 1in oligomeric enzymes, belongs to one of
the most interesting tashs of modern molecular en-
zymology [1-4]. However, the progress in these studies
1s strongly hinuated by the lack ot universal expenimental
appiroaches pernuitting purposeful variation of the
supramacromolecular (ohigomeiic) composition of such
complezes [4]

Recently we have formulated a new stiategy to1 the
study of oligomeric enzymes which 15 based on the use
of reversed micelles of surfactantsin organic solvents as
matnx micioteactors for the 1egulation of the
oligomeric composition [5] Being solubthzed in the
system of reversed micelles, the molecule of the
oligomeric enzyme incorporates into the inner water
cavity of the micelle, thus acquiring a cover of the
hydrated surfactant. The size of the micelle inner cavity
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(te) can be widely vaned via changing the surfactant
hydration degiee (F4%), 1.¢. the mola ratio [H20)/[sur-
ractant] o the  system. Using  homo- and
hetetoohigomenic enzymes (lactic dehydrogenase [6]; 4-
glutamyltransferase [5]) we demonstrated that one can
vary the oligomeric compostiion of the solubilized en-
zynie via changmg the size of the mucellar matrix The
prcipal point heie 1s that oligonietic forms obtained in
this way ate catalytically active in the micellar systems
So one can study the functional properties of the
ohgomeric forms artificially produced in the reversed
micelles

This paper 1s devoted to investigation of the
phenomenon of regulation of the catalytic acuvity of
the enzymes via changing their oligomeric composition
1n the reversed micelles of Ac.osc. OT 1n octane by ex-
amples of a-chymotrypsin (CT) from bovine pancrease
and alkaline phosphatase (AP) from calf intestinal
mucosa.

2 MATERIALS AND METHODS

21 Fnzymes

CT(EC 3 4 21 1) from bovine pancrease and AP(EC 31 3 |){rom
calf intestinal mucosa were purchased from Serva and Sigma, respec-
tively Titration of the active sites of CT with N-transcinnamoyl-
wnidazole (Sigina) [7] ievealed that the content of the active enzyme
i the inmal CT preparation was 50%% AP was punfied by gel-
filtration on Toyopearl TSK-45 and hydrophobic chromatography on
Octyl-silochrom The enzyme activity was equal 1o 1 1 units/mg (one
unit hydrolyzes 1 O umol of NPP per | min at pH 10 4, 37°C)

143



Volume 278, ntimber 2

XY SNanthesis of the o chivtetespsiy congpgale

The € 1 eongupate was synthesized avenching to (3) e solutton of
A S mg ol B PDP igmad i 1800 of ethanol w s adided 1o the solutins
of SOmg of C il mlaf buffer (8 28 HBOL O 1N N FIPO, o)
MONACLL o mM avetsiphomyladanine pEL B Alier 1 h of utuba
tion the reacton misture w s divided 1ata 1o party One patt was
frantioned on Sephadex G 10 and voncentrated ta *, 1 The degres
af modification on C T with SPOP, estinated spectrophotometieally
by Tormation of pyadine 2 Huol G RO M P om ') after adds
ton of deliothieitol (igma) was equal te |3

The sevand part of the solution contumig modificd €1 was
aihfred to pla 70 and then 12 3 mg of dibiothratol were 1dded to
oA O 8 hincubation this solution was fractionated on Sephadey
G0, concentrated 1o 700 ;d and added Lo the fust solition containg
modified C 1 owith donsreduced =% bonds The rention svsem was
mvubated ror 20 hand then punified on Sephadex G 10 The ¢ T won
pupate abtained was fractiondted oo Toyopeart HW <4

Fhe molecular mass ot the conjupate eshimuited tom the PAGH and
gel filtration dataswas m 18O KD, whidh vorresponded tothe ¢ T her
diler

2% o CInvtwirspsin acivaty an resersedd migelles

I a typical experiment, 5-130 pl ot 29 mM Trs HOL carbonate
hufter (pH B 0), 3 4l of B S mM solution of ¢ BZ TNEP m acctonmitnile
and 2 o1 10230 1M enzvimie solution in FmM HOEwae solutulized
m i mlot 0 1M AOT The tormation o1 Tree NP was micasured spec
trophotometnvally (300 nm) at 25°C The coefNaents of the molar
dabsorpiion of NP were measured ndependently in the nucellar
systems with vanous By Thevalues of the catalytiv constant (A, ) of
the reaction were deternuned

24 Alhaline phosphatase acinity i reversed mcelles

In a typrcal experinent, 5-20 ul of §-150 M AP solution and
10-100 5l of 10-250 mM NPP solution i sodinm carbanate buffor
(P 10 §) were solublized in 2 ml o1 0 § M AOT m octane The for
mation of free NP was measured as descnbed atiove The values of
the specitic masamial reaction rate (F70,) were determined

2 5 Sechimentation measturements

The sedimentauon coefficients (5) ot the reversed micelles contan
ing the proten were measured as desenibed 1 [8) at 20°C 1n an
analytical ubiracantrituge *‘Bechman L°, nitted with a photoelectric
seanmng deviee with a monochromator and a muluplesor, using 12
mnm bisection vells and a rotor An G-Ti at 20000 rpim [Y) The scan-
ning was carned out at 280 nm

The dependences of S on W, were analvsed as deseribed in {5,10)
The values of the molecular masses (M) ot the protein incorporated
into the reversed micelles were calculated from the S values as
previously deseribed [10]

3, RESULTS AND DISCUSSION

3.1, Catalytic acuvity of monomeric and hexameric
Jorms of a-chymotrypsin in reversed mecelles

One of the most spectacular observations made 1n
micellar enzymology is the catalytic activity versus
hydration degree profile concept. In spite of the great
variety of the enzymes under study, the observed
dependences of their catalytic activity on W, appeared
to be very similar' as a rule, they represent the bell-
shaped curves (see for review {11,12]). The maximum of
the catalytic activity 1s observed when the size of the
micelle inner cavity 15 equal to that of the molecule of
the solubilized enzyme [11,12]. The reasons for this
phenomenon are discussed 1n [12-14].

The majority of enzymes studied 1n reversed micelles

144

PERSELLET KRS

Lasiary 1990

up to now [11,12) consist ot one e several but strongly
voupled subunits  Fheir oligome o vompasition is von
stant as o rule. Gne can expedt that te Jhange of the
oligomeric  composition of  the ensyme  moleule,
resulting n the ¢hange ot its size, mav influence the
catidy ic activity versus B, profiles We have studied
this problem by examples of the monomenc enssme 1
and of s artinvially produced oligamer, compaosed of
six wross-hnhed T moleeules (see Maternials and
Mcethods)

I'he dependence of the cataly tie activiy of native ¢'1
(monomerne tarm) an Hias represented i Ty la, The
apimum at this dependence 1s absersed at B, (12
under conditions when s equil to the radius (2 of
the C T globule, In the case of the cross-hnked CT hes-
aniel (Tig  10) the aptimum s observed at M, = 43
Under these conditsons the value ot re = 69 A s appros-
imately equal to the tadus ot o sphere sunounding the

1CH
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Fig 1 The dependence of the catalytic activity (A.a) of native CT (a)
or of its cross-linhed hexamer (b) (reaction of enzymatic hydrolysis of
CBZTNP) on the hydration degree (1) in the system of AOT revers-
ed micelles in octane The 4., values measured 1n aqueous solutions
are shown by dotted lines The scale of radn of the inner cavity of the
micelles (r) 15 presented at which the arrows indicate (1) the radius
of the CT globule, (2) the r. dius of the sphere surrounding the ab-
solute octahedron composed ot six CT molecules
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absolute ovtahedion vomposed of e ¢ T globales
o= 60 A) Fhe simall difference m values between the
optunad o and 4 mas vesult trom a non=ideal packhimg
ol C 1 plobules imto avtabadeal hevamet wind o from
the tact that the € T plobule. m this hesamer do not
sonbact with each other direvtly, but we coupled
together via relatisely lone spacers

1 he expernnent deseribed provides evidence for the
cenistenve of astict relationship between the position vl
the aptima at the catabtic adtiviy curve and obgometie
camposition ot the enzvme ander study

12, The dependence of the catuly tic activ ity of ulhaline

phasphatase on the vdration degree
As cat be seen i Fig 2a not one but two optuin aie
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Mg 2 (a) The dependence of the watalyte acivity (F/[Eo]) ot AP
(reaction of ensymatic hydrolvsis of NPP) on the hydration degree
(M) 1n the system of AOT reversed micelles 1n octane The value of
V/|Eo] measured in aqueous solution 1s shown by the dotted ine The
scale of radu of the inner cavity of the mucelles (re) 15 presented at
which the arrows ndicate the radu (7,) of the AP monomer (M) and
dimer (M;) (these radn were calculated trom the values of molecular
masses (M:) of the AP monomer or dimer (the shape of which ac-
cording to [18] 1s close to spherical) using the empirical equation
ra=07¢M)'"*[13]) (1) Regulation of the chgomeric composition ot
AP via variation of ¥ in the AOT reversed micelles in octane The
values of molecular masses of the protein were calculated (see

Materials and Methods) trom experimentally determined sedimenta-
tion voefficients of the micelles contaiming these proteins
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observed at the pronde of the AP catalytiv acienaty o
Hoe 17 and B - 28, Under these conditions the values
ol +o e equal 1o 2, of the monomerie (M 17) and
dimeric M- 25) torms of AP, Thus, followimng the
above-formulated logies one van suppose that the
ubsenad masima vorrespond to the functiomng of the
AP monamer and ot sts doner cotrespondingly

This supposibon was contirmed by results ot the
sedimentation study ot the reversed mivelle svstems
contammng AP Tois known [9] that the sedimentation
coethaent of the reversed mmeelles contaimimg  the
munomerie protem (e g C ) meredses monotopously
with an merease in B, Onthe contary, in the ¢ase of
the reversed micelles containmg AP o sharp leap of the
S valuers abserved at 1Y, - 200 Thus, two chatactetistic
secthions enist ot S on the HY plot These sections are
precisely descnibed by theoretical curves [5,10] bult
under the assumption that either one (B, <20} or two
(> 20) subunits of AP e mcorporated 1in ane
reversed micelle Henee, one canconddude that a4 change
of oligomeric composition ol AP (its transition trom
the monomeiie (M) to dimeric (Ma) form) takes place at
By =20, Fig. 2b

Attempts  to  separate the AP subunits  in
homogeneous aqueous soluttons using conventional
methods (€ g 1 6 M guamdine chlonde) resulted in the
loss of the eneyime activity [15-17]. Tlus established a
widespread opimon, that AP possesses catalytic activity
only in the dimeric form. Our results (g 2) contradict
this pomt of view, In other words, using systems of the
reversed mucelles one can separate the AP subumts
under non-denaturing conditions, wluch provides
possibilities to study the catalytic and other properties
ot the ensyme 1solated subunits,
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