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STRATEGY AND TACTICS IN ENZYMOLOGY

DESINTEGRATION
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homogenization, sxtraction, purifleation

ENZYME PREPARATIONS
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CARBOHYDRATES RECONSTRUCTION

VITAMINSG {COFACTORS)
Low Molecular Welght

. Compounds and WATER




MOLECULAR ORGANIZATION OF
BIOMEMBRANES
( "FLUID MOSAIC" MODEL)




A METAMORPHIC MOSAIC MODEL OF
BIOLOGICAL MEMBRANES

1 - transbilayer trensport of polar molecules;
2 - membrane continuity between membrane bound

compartments;
3 - budding off of a membrane bound vesicle.

P.R. Cullis, B. de Kn#f et al. (1980) Can.J.Biochem. 58, 1091
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TYPES OF SURFACTANT AGGREGATES
(MICELLES)




PHASE DIAGRAM OF '
THE “AEROSOL OT — WATER —~ OCTANE” SYSTEM i S

OCTANE reverse
i micelles
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CHANGES IN CATALYTIC ACTIVITY UPON PHASE
TRANSITIONS IN THE SYSTEM
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DEPENDENCE OF THE HYDRODYNAMIC (STOCKE) RADLUE
(Ra) ANG RADIUS OF NNER WATER CAVITY (r) OF

AERCSOL OT REVERSED MICELLES N OCTANE ON THE
HYDRATION DEGREE (Wi}




REGULATION OF ENZYME BY SURFACTANT
HYDRATION
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FIRST~ORDER RATE CONSTANT, k4 (@), POR DEACYLATION
OF TRANS-CYNNAMOYL-CHYMOTRYPSIN, ROTATION FREQUENCY,
VvV (O), AND HYPERFINS SPLITTING CONSTANT, & (4),
FOR SPIN-LABELLED CHYMOTRYPSIN IK THE "AOT = WATER -

. OCTANE" SYSTEM
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0.V.Belonogova, G.I.Likhtenshtein et al, (1983) Biokhimia, 48, 379



maximal rate, V/E, {s™)

in water

b
rotational frequency, »-108(s™)

(water/surfactant) molar ratio

' Dependence on water/surfactant molar ratio of (a) the max-
imal rate V/[E]g of a=-chymotrypsin-catalyzed hydrolysis of N-ben-
zoyl-L-tyrosine p-nitroanilide, and (b) the rotational frequency v

of the spin label in the active site of the enzymec in the system Acro-
sol OT-water-glycerol-octane. Water/glycerol volume ratios are: 1,
100:0; 2, 80:20; 3, 50:50; 4, 20:80; 5, 6:94. Dashed line ahows

the values of V/[E]g and v in aqueous solution. '
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APPLIED AHEAS OF MIGEILAR ENZYNULIGY

BIDOEIMIETHY ANDIr PROTAIN CHEMISTHY
1. METHCODE AND TDOLE
2, BOFRAMOLEOTLAR RESIGH

(FINE) QEANIC BTNTAES]S
1, OURVRREION OF %ATBR=-INROIDALE OOMPTUNE

2, BHTIPT OF EQUILIBRIVN

CERMIOAL AND CLINICAL ANALTEEE
1, IETERMINATION OF MaTiRalMGOLTELY COMBOONTR
2, ENZNNE IMMINOASSAT
3, SICIDMINESORNT AS34Y (USIND PLUETFLY LICIFsRAix)

MEDICINE (THERAPY)
1. MEGBCINEG FUOR CUTWAED APFLICATIONS
2, DEUG CARRTTRS, WANOFARTIQULES
3, MEMERANOTROPICS (FUR (BLL FENETRATIGN)




Applied areas of Micellar Enzymology
1. ic g8i5

¢ Bquilibrium shift

» Conversion of water-insoluble compounds
2. Chigmical and biochemical analysis

» Improved traditional systems
» Detection of hydrophobic compounds

« Enzyme immunoassay
3. Protein {enzyme] chemistry

» Protein (enzyme) isolation and purification
+ Chemical modification (hydrophobization &
hydrophilization)
e Supramotecular (enzyme) design
» Formation of protein{enzyme) ~containing
naneparticles

AREAR OF INFLUENCE IN MICELLAR SYSTEMS.

o Micellar rrmt;ix

o Protein (enzyme} molecule

o Externzl (bulk) water- immiscible solvent
o Internal water-miscible solvent
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LIPOXYGENASE INHIBITION WITH
RIBOFLAVIN ANALOG
IN THE REVERSED MICELLES
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BIOLUMINE SCENT ASSAY
with piregly Luciola mingrelica lucigerase

ATP+luceserin « O LuCiferase, AMP +pp+COu+oxylucierinshy
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HOMOGENEOUS IMMUNOASSAY IN REVERSED MICELLAR SYSTEMS

Conjugate Antibody Immunocomplex

. 1 :
0.1 M AOT, [HRP-Thyroxine]=0.55 nM, wo=15 \
t 4 | uo-Q—o k‘}—%
- R Y ?] NW,
CoOH

CONJUGATE #
ANTIBOOIES

12 nM Thyroxine added

ENZYME ACTIVITY
Catalytic’ activity , r.u.

MYDRATION DEGREE

When thyroxin-specific antibodies are added to a peroxidase-thyroxine conjugate solubilized in reversed micelles, the
immunocomplex is formed (differs in size from initial enzyme-antigen conjugate) which leads to an alteration of the
enzymatic activity profile (the importance of geometric fit of protein molecule and inner cavity of micelle). Measuring
the catalytic activity of peroxidase (in conjugate with antigen) at fixed optimal for conjugate hydration degree one can
see the catalytic activity decreasing. Addition of free thyroxine into the system causes the dissociation of the complex

with restoration of the catalytic activity. The sensitivity of the assay procedure can be optimized by adjusting the size
of reversed micelles.
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COLLAGENASE $TARBILITY DEPENDING ON THE WAY
OF THE ENZYME ENTRAPMENT INTC MEDIC AL
FORMULATIONS FOR QUTWARD APPLICATIONS:
A — Macroemulsion (aguecus solution of enzyme and oil
droplets), -
B — Microemulsion (enzyme-condaining reverse micelles in oil
macrophase) foltowed by macroemulsion.



Hydrophobization of protein by Fatty
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REGULATION OF THE CATALYTIC ACTIVITY
OF HCRSERADISH PEROXIDASE IN
REVERSED MICELLES OF AQT iN QCTANE
BY HYDRATION DEGREE
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N.L Klyachko, A V.Levaghov, K Martinok (1984) Mol. Bicl. {Rurss.) 18 1019



REGULATION OF THE OLIGOMERIC ENZYME

micelle "'""

SEDIMENTATION ANALYSIS
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OLIGOMERIC ENZYMES IN REVERSED
MICELLES C.= AEROSOL OT IN OCTANE.

CATALYTIC ACTIVITY PROFILES VS HYDRATICN DEGREE
{INNER CAVITY RADIUS).
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Catalytic activity and supramolecular structure of formate dehydrogenase from Pseudomonas
sp.101 in the system of reverse micelles
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REGULATION OF THE SUPRAMOLECULAR STRUCTURE AND THE CATALYTIC ACTIVITY OF PENICILLIN ACYLASE FROM

E.COLI IN THE SYSTEM OF REVERSED MICELLES OF AEROSOL OT IN OCTANE

V.B. Kabakov et al. PEBS Letters (1992) v.311, No 3, 209-212
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The dependence of the catalytic acti-
vity (kege) of PA on the hydration
degree, wg, in the AOT RM systeam in
octane. (A) Intact preparationm of PA.
(B) a-subunit preparatiom. (C) p-sub-
unit preparation,
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The dependence of the sedimenta-
tion coefficients (S) of RM con-
taining PA on the hydration deg-
ree, (1) a-subunit, (2} P-sub-
unit, (3) af-dimer.
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PMSF titration of PA active sites
in the system of AOT RM. (1)
wo=23, (2) wg~l4. Before activity
measurments were carried out the
enzyme was incubated for 10 min
in a range of volumes (0-10 gl1)
of 10 pM FPMSF solutiom.
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SDS-PAGEof PA preparations. La-
nes: (1) molecular mass standards
(kit LKB 1860-102), (2) the in-
tact preparation of the enzyme,
(3) sediment after 60 min centri-
fugation at 100,000 x g.



KINETIC AND STABILITY STUDIES OF
PENICILLIN ACYLASE IN
REVERSED MICELLES
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GLYCERALDEHYDE-3-PHOSPATE DEHYDROGENASE AND LACTATE
DEHYDROGENASE IN REVERSE MICELLES:
HOMO AND HETEROOLIGOMERIC COMPLEXES
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PREPARATION OF ENZYME-CONTAINING NANOPARTICLES

solubilization




SCHEME OF PREPARATION OF NANOPARTICLES AND
MACROMOLECULAR CONJUGATES BY USING REVERSED
MICELLES OF SURFACTANTS

1- sollbilzatbn—constmction.

2 — chemical fixation (cross—finking by
bifunctional reagents or polymerization)

3 — washing from surfactant.



MODIFICATION OF a—CHYMOTRYPSIN
BY D(+)-CELLOBIOSE

CH;OH CH,0H
0 0,
- 0. K on OH
HO
H
CH,0H CH,OH

The preparation obtained was purified using
gel-chromatography technique (Sephacryl S-100 HR
and Sephadex G-25 gels) and lyophyfized.

Physico-chemical properties of glycosylated a-chymotrypsin:

1. A number of preparations with degrees of modification from 1 to 12 was obtained,
2. According to SDS PAAG-electroforesis the preparation had one narrow band close to 25 kDa.
3. The catalytic activity of modified enzymes was not less than 50% from native one according

to standard active site titration procedure.



REGULATION OF THE CATALYTIC ACTMTY OF NATIVE
AND ARTIFICIALLY GLYCOSYLATED o-CHYMCITRYPSIN
WITH DIFFERENT DEGREE OF MODIFICATION M
REVERSED MICELLES OF AERCSOL OT IN OCTANE
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DIFFERENT TYPES OF a-CHYMOTRYPSIN DIMERS AND
POSSIBLE MECHANISM OF THEIR FORMATION

O 5 Q )3
—_ " heterologic

. oligomeric
) (polymeric)
closed open <y form

conformation conformation
r,A 20.5 25.8 41.0
BOll cae. 110 145 - 19.5 25.0

[AOT]
exp. 11.0 16.0 20.0




ABILITY OF NATIVE o~-CHYMOTRYPSIN TG FORM
NON-COVALENT COMPLEXES WITH ARTIRICIAL
GLYCOPROTEIN (GLYCOSYLATED a-CHYMOUTRYPSYN)

@®r 2.1
zﬂ - \
Moalar ratlc of native
15 F g=-chymotrypsine to
glycosylated ona

{degree of mod. 12)

' h

Catalytic activity kg ). s

0 15 20 25
[HQ/AOT]

Exparimanii canditions:

0.1 ADT, 50 mM TRIS, pH 8.5

a-Cleymolrypsin concentration in the sy was 22nM.
«-ChT cmaivtic Sctivity was measured with specific
ROSrTN SueeinyiAlg-Ais-Pro-Pim p-pitroanilide.




ABILITY OF NATIVE o~-CHYMOTRYPSIN TO FORM
NON-COVALENT COMPLEXES WITH NATURAL
GLYCOPROTEIN {(HORSERADISH PEROXIDASE)
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SCHEMATIC REPRESENTATION OF INTESTINAL
MEMBRANE DIGESTION
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MODES OF PROTEIN-CONTAINING MICELLES FORMATION AND
THER KINETIC MANIFESTATION




CATALYTIC ACTINITY ——

INNER SIZE OF REVERSED MICELLE —
IN WATER

at optimum
of the hydration
degree

non-active highly active

at higher hydration
degrees
at lower hydration degrees ——

2 IN REVERSED MICELLES
| ?3 - OF SURFACTANTS IN APOLAR
ORGANIC SOLVENTS

( WATER / SURFACTANT) MOLAR RATI0 —
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