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Sublilisin BPN" setivity on a syntheti¢ substrite is found to deercise with the cancenteation of soluble ddditives such ax xugars and polyols, the
citalytic efficiency of the enzyme being reluted to the water setivity in the reaction medium. Limited hydrolysis of 1§ chiain of fnsulin ix followed
und the clenvage priority determined, When eurried out in glycerol-contuining medium, both enzyme catalytic behuviour und spesifieity ure pee
turbed: a different eleavage order and u selectivity restriction are abserved. The experiments were generalised o purified proteins und to an insoluble
protein complex. The hydrolysis Kineties of purified glivding by pepsin and of gluten by u Bacillus neutvl prateise are modulated in presence of
water activity depressars. Clyceral s able to increase bath pepsin efficiency und gluten protein solubility. The hydrolysiy order ix nffected by water-
structuring molecules in the ¢nzyme microenvironment and new peptides appear whatever the size and initial salubility of the substrate,

Proteuase specifivity: Insudin: Gliadin Gluten; Sclectivity; Water activity

1. INTRODUCTION

Molecular interactions between an enzyme and its
substrate result from a complex interrelation between
hydrogen bonding, van der Waal's and electrostatic
" forces, steric and hydrophobic interactions; the relative
importance of these factors, combining through a still

unclear way, determines substrate binding specificity

{1]. While enzymes generally exhibit a narrow specifici-
ty - sometimes limited to a single substrate as for aspar-
tatc ammonialyase - some are able to react with a wide
variety of molecules owing to a common structural
character; proteases belong to this last class. Serine
‘proteases are the most widely distributed proteolytic
enzymes of both microbial and animal origin and
microbial alkaline proteases are among the enzymes
which exhibit. the = broader specificity [2]. En-
zyme-substrate interactions have been modified by
protein engineering of subtilisin showing the effect of
steric and hydrophobic interactions [3] and of plasticity
[4] on the protease selectivity, Engineering surface
charge also induced rational modificailon of subtilisin
catalysis [5].

Data from classical enzymology have been obtained
in homogeneous conditions where kinetics are only
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depending on time and concentrations while actual ap-
plications of enzymaes, either in vivo or in industry, o¢-
cur in hetarogeneous media where Kinetics are also
depending on space conditions {6]. In these last cases,
modifications may be observed on activity, stability,
nature of the reaction catalysed and selectivity of the
concerned enzyme. .

To mimic biological media [7} and try to understand
the related mechanisms, aqueous media with restricted
water activity have been used; under these conditions,
modulations in the initial activity rate [8] and in the
kind of reaction catalysed by enzymes have been
observed [9]. The role of water on enzyme stability
[10], and on the expression of catalytic activity [8] has
been studied. But little has been done about the in-
fluence of water on enzyme specificity when the
biocatalyst reacts in an aqueous medium thought it has
been recently shown that bound water molecules play a
determining role on affinity and specificity {11]. On the
other hand, unusual reactions have been obtained when
using proteases in the absence of water, in organic
solvents [12-13]. _

In the present paper we have studied the interaction
between water in the reaction medium and the activity
and specifity of several proteases. We have evidenced a
modulation in selectivity of these enzymes, induced by
a controlied modification of water activity in the en-
zyme microenvironment, either on model substrates or
on proteins. ‘
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2. MATERIALS AND METHODS

LY. Iasudin hydrolysis

Haeiltug subtilis subtilisin BPN " (Nagarve from Sigma) was chown
av thiv extravellular alkaling protease exhibits u broad subsirate
spegifivity (1) and as subtilisins have already beun engineered (1-5).
Ax thiv enayme may hydrolyze numerous synthetie substratey, we
have chosen 1osyl argining mahyl euer (TAME), n water-soluble
compound, used at concentrations ranging from 10 (o 300 M, The
reaction kincicy were followed by & phi-stat methed, in 0.05 M Tris-
HCbulTer pit 8.0a2 3137C with an enzyme concentemtion correxpond-
ing 1o 0.3 Usml, the activity being expressed ax amol NaOH
added -min * ', The NaOH concentration was varied so that the added
volume was always tess than 10%s of the reaction volume.

To measure pepride bond cleivige specifichy, oxidised insulin B
chain (Sigma) has been used at subsirate/enzynse ratio ranging from
1000 to 3000, The reactien was carried at 357C ina batch reactor; the
abtained peptides were analysed by a reversg-phase HPLC method.
A Si Cia pBondapak column (internal diameter 2.9 mm, column
length 28 em and phase dinmeter 10 pm) was used witha 1 mi-min =}
flow rate. The spructrophotonmetric measurements were performed at
215 nm. An clution gradient was renlised as follows: 0-2 min: 100%%
A 2-30 min: 75% A+ 25% B; 30-90 min: 60% A + 40% B with
A TFA 0.05% in water and : TFA 0.05% in acetonitrile. Previous
purification of insulin was realised using a Si Cia pBondapak column
(Internal diameter 7.8 mm, columa length 30 em) with a 4 il -min ™!
flow-rate. The obtained substrate and some peptides were collected
and kindly characterised with a 477 A protein-sequencer coupled to
a 120 A HPLC from Applied Systems by the tearn of Dr B, Ribadeau-
Dumas (1.N.R.A., Jouy-en-Josas, France).

2.2, Gliadin hydrolysis

The chosen substrate is either a pure + gliadin or a -8 gliadin
preparation extracted from wheat (60% of wheat prolamins). These
globular proteins have a low molecular weight (30 to 40 kDn}, present
a low percentage in basic amino acids and are poorly charged. They
are madce up of a single polypeptidic chain whose structure is stabilis-
ed by disulphide bonds and by hydrogen bonds due to numerous
glutamic acid residues. Dr Popineau (INRA, Nantes) kindly gave us
a well defined wheat source and proteins were extracted and elec-
trophoretically analysed as previously described [15-17), They have
heen sequenced and constitute a well characterised and rencwable
protein source. Experiments were also directly carried out on wheat
flour.

For gliadin experiments, we used porcine pepsin (Merck) as the
well-characterised substrate: is only soluble in organic solvents and
acid solutions, The enzyme exhibits hydrolytic activity only on pep-
tide bonds and is characterised by its low P and optimal pH value
(Pi< 1, pH =2). it has a broad specificity attributed to the high flex-
ibility of its active site [18]. 100 mg gliadin preparation have been
solubilised for 2 h at room temperature in 10 ml of a 0.1 M
CH3;COOH solution adjusted to pH 2 with HCL. Then 0.1 mg of 2500
FIP-U/g pepsin/ml was introduced and the reaction carried out at
20°C (1 FiP-u will produce a Ay of 0.001 per min at pH 1.6 at
25°C measured as trichloracetic acid-soluble products using
hemoglobin as substrate). Aliquots were regularly sampled and the
reaction stopped by pH jump (addition of 0.05 M borate buffer, pH
9.5, first component of the Fields colorimetric reaction).

Protein hydrolysis was quantitatively followed by measuring the
appearance of peptides using a colorimetric method [19]) modified as
follows: a 50 ul sample was mixed with 950 pl 0.05 M sodium borate
buffer, pH 9.5; 20 ] of 1.8 M trinitobenzene sulphomic acid (TNBS)
were then added and the obtained solution shaken for § min. Then
2 ml of a reaction stop solution consisting of 98.5 ml.of a 0.1 M

SO;H
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NaHL PO butler + L3 mlof 600 8 NugSOy were sslded, The mixture
wity diluted twivy with 30% cthanol aud the optical density followd
At 420 nm. Activity i expressed In amel e NHy el min” t by
camparbion with an solewcine valibeaton eurve. Qualitative analyvis
of glindin hydrolysis praducty was realized wiog o HPLC methad as
previously desribed for insulin products,

2.X. Flour hydrodvsix

For experiments with flour, the neutral protease from Bucillux sub-
tilis (GIn Brocades, 8300 protease) has been used us this enzyme of
industelal quality ix one of the authorised biovatalysts for dougly
preparntions.. The enzymatic preparadon only contaliv 4% protein
(>93% being lactose). of which 3% are neutral proteass, the
preparition also containy an e-amylase, & #-glucosidase and an
alkuline proteaxe. To 90 mb 4587C water, 28 g T8 type wheat flour
were added. 0,18 g B 500 protesse are solubilised in 10 ml 45°C water
and acdded 1o the substrate preparation, The reaction was stapped in
5 ml samplex by additian of 28 ml of a solution containing 2x107*
MEDTA in 0.02 M CHCOOH and rapid cooling. Flour hydrolysis
soluble producty were extradled by continuous shaking in the acid
solution for 16 b and then centrifuged at 12 000 x g for 20 min a
204C. The supernatant wis analysed using an FPLC (Waters 650 «+
Waters 481) method with two exclusion chromiutography columns in
series = Protein Pack Glass 200 W+ Protein Pack Glass 0 W
{Waters). Elution buffer is a 0.1 M phosphate buffer pil 7 containing
0.1 M sodium sulphide. Detection was realised ar 280 nm.

Using the chromatographic methads, the activity was followed
through the peak surface evolutions and the resulis were found to be
reproducible with a relative errov lower than 5%.

2.4, Water activiry

Thermodynamical water activity (o) was measured using a
Novasina cell consisting in an eleetric hygrometer {20), Water activity
was depressed by using glucose, sucrose, fructose, glycerol and sor-
bitol at various concentrations,

3. RESULTS

3.1. Hydrolysis of model substrates

When measured on TAME, the enzyme behaves
following a Michaelis-Menten mechanism. The kinetic
constants have been determined at Km = 60 mM and
Vi = 18.6 umol NaOH min ~!. The effect of water ac-
tivity depressors on cenzyme catalysis was then
measured with a TAME concentration of 200 mM, The
relative activity of Nagarse was expressed as a function
of water activity depressor concentration (Table I).

Obviously, glycerol presents the most important per-
turbating effect on enzyme activity. Due to the high
solubility of the polyol, its concentration was increased
up to 9 M and the influence on the catalytic efficiency
of the enzyme measured (Fig. 1). This decrease in en-
zyme activity was correlated to the decrease in water ac-
tivity (Fig. 2).

Glycerol inducing a more important perturbation on
the kinetics of subtilisin BPN' than other water activity
depressors, we have measured its influence on enzymic
specificity. The specificity of subtilisin BEN' is broad

SO:H

Phe-Val-Asn-Gln-His-Leu-Cys-Gly-Ser-His-Leu-Val-Glu-Ala-Leu-Tyr-Leu-Val-Cys-Gly-Gly-Glu-Arg-Gly-Phe-Phe-Tyr-Thr-Pro-Lys-Ala

n°i n°2

124

n°3 n°4 n°s



Volume 279, aumber |

Table |

FERS LETTERS

February 199]

Relative ae\i\ruy M‘ wubtilisie BPN® exprovsed on 200 mM ol arginine methyl oster in the prevence mr different water aetivity depravaon m
variows coneentrartiony. Relerenee activity Is 14 pal NaOH -min ™

Relstive aetivity ()

[aa depressar) (M) 0.3 1 1.4 2 25 ¥ 13
Fruginw 100 9 L1 i4 .3} K0 1%
Sucrone 99 ‘ 92 1] #3 3 : - =

Sorbitol 92 90 L1 K6 -3 76 66
Glagow 96 90 84 L8 B2 ™ 76
Cilyeeral Lt 76 &4 36 - 50 44 40

in complete hydrolysis, but resivicted 10 5 cleavage
boncls on oxidised B chain of insulin in limited pro-
teolysis (2],

Firse, several substrate/enzyme ratios were compareel
to determine the S/E value allowing to measure a suffi-
cient but limited proteolysis. Hydrolysis was carried
out for 30 min, stopped by quick freezing and the ab-
tained peptides were analysed. An S/E ratio of 4000
was then chosen for the further experiments as a
restrained number of peptides has been observed (Fig.
3.1). One cleavage bond was obviously hydrolysed first
(no. 4).

Using this S/E ratio, B chain insulin proteolysis was
carried out in buffer and the results observed as a func-
tion of time (Figs 3.1 and 3.2). After I h, insulin was
completely hydrolysed. After 2 h, the obiained peptides
were cleaved, Bond no. 5 was not hydrolysed.

The same experiments were realised with different
glycerol concentrations in the reaction medium, The
results are expressed for.a 10 M glycerol concentration
on Fig. 3.3, Hydrolysis was very slow, only 38% of in-
sulin reacted after 8 h, 80% after 36 h. After 1 h, only
two peptide bonds, sites no. 3 and no. 5, as shown by
the analysis of the obtained products, were hydrolysed.
A 25 amino acid peptide, more hydrophobic than in-
sulin (retention time higher than that of the substrate)
was observed wheun site n~, § was cleaved, The evolu-
tion of hydrolysis products was compated in buffer and
in the presence of 10 M glyceroi on Table I1. Peptides

koo { Kpy ov-tshy

Glycérol (VD

Fig, 1. Catalytic efficiency of subtilisin BPN' expressed on 200 mM
tosyl arginine methyl ester as a function of glycerol concentration in
the reaction medium, (keaKn™ ") er=28 M~ ' 5~

corresponding té the cieavage of bond no. 5 ac-
cumulated for 18 h before being hydrolysed.

3.2, Gliadin hydrolysis

The kineties of gliadin hydrolysis by pepsinin buffcr
was followed during 400 min with a colorimaetric
method, the enzyme exhibited an important initial ac-
tivity, a plateau was reached after | h (Fig. 4). The en-
zyme follows the Michaelis-Menten model and the
apparent kinetic constants were determined at:
Ka=13 mM and V' y=1210"% pamol Ile NHa2
eq 1™ ""min~', When adding glycerol at concentrations
ranging from 0.1 to 10 M in the reaction medium,
several unusual behaviours were observed:
(i) the initial activity was increased by up to 60% as
compared to buffer for glycerol concentrations lower
than 0.5 M. This phenomenon is reproducible.
(ii) contrary to what was observed with insulin, the en-
zyme expressed its activity even at high polyol concen-
trations (80% of reference activity in 10 M glyceral).
(iii) a- non-michaclian. behaviour was obtained for
glycerol concentrations higher than 1 M, in this case,
the Eadie-Hof'stee linearisation showed that diffusion
was controlling the reaction.
(iv) initial activity rate was not related to water activity.

16 7
E 12 4
3
(=]
£l
2
,E 4 I\
3]
L4
0 . . . . '
0.5 0.6 0.7

0.8 0.9 1

w

Fig. 2, Subtilisin BPN' activity as a function of the thermodynamical

water activity in the reaction medium obtained by various glycerol

concentrations (@) and with other additives (O: sucrose; 0: glucose;
4: sorbitol; A: fructose).
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Fig, 3. Reversed-phase HPLC analysis of insulin (chain B) hydrolysis products for a 4000 S/E ratio and a reaction carried out in buffer for 30
min (1), for 2 h (2), or in a medium containing 10 M glycerol for 8 h (3).
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Tabie 11

Evolution ol hydrolyvis ratio and of hydrolysic producty sy a funsdon of tme for an ordinary buffer medium and for a medium containing 16
Wi glyeerel “hydralysis (F)' exprevees the ratierimulin surface/toral praduct surface, 'peak no, < (Pe)' is the rado bBevween Lhe surface of the twe
peaks correspoading 10 the cleavage of bond no. x and the wlal surface of hydrolyvs products

Time 10 min 43 min Ih 2 h 4 h i
hydrolysis (%) k¥ 97 106 100 - -
Buffer peak no. 4 (W) 99 ki) 3] 1] - -
peik no, 3 (M) « 6 ] = "
hydrolysis (%) = " ] 13 19 i}
10M peak no. 3 (%) = - 78 n 6% a1
giygerol peak ne. 3 (%) - - 22 2 23 2
peak no. 4 (%) = - 4] 4 9 g

Pepsin hydrolysis of gliading was followed by HPLC
peplide analysis (Fig. 5). The chromatograph shows 4
peaks for gliadins (named A, B, € and D for increasing
clution times - Fig, 5.1) and 9 peaks for hydrolysates
(named from 1 to 9 for increasing elution times - Fig.
5.2). The evolution of total surfaces for hydrolysis pro-
ducts is well correlated to results obtained with the col-
orimetric method (Fig. 4). The enzymatic reaction did
not affect gliadin hydrophobicity as the retention times
were not modified in buffer. It is important to note,
that all hydrolysate peaks increased as a function of
reaction time, with a major increase for peaks no. 5 and
6. The hydrolysis of gliadins appeared to be ordered.
During the first 10 minutes, only peak D corresponding
to v44 gliadin was hydrolysed, then peak C, then peaks
A and B: the most hydrophobic peaks were hydrolysed
first.

When glycerol was added to the hydrolysis reaction
medium, the hydrolysate surface was decreased as com-
pared to the buffer reference medium, except for short
hydrolysis time and glycerol concentrations lower than
0.5 M (Fig. 6). This result is in good agreement with
colorimetric analysis, The ratio product sur-
face/substrate surface (P/S) is decreasing with glycero)
concentration.

Relative surface (%) Absorbance

100 1

80
o0
10 -y

20 -

TIME (min)

Fig. 4. Pepsin hydrolysis of ~-8 gliadins in buffer, The enzyme

kinetics were measured by a colorimetric method (¢), and with a

reverse-phase HPLC method through the disappearance of gliadins
(0) and the evolution of hydrolysates (@).

In glycerol containing media, giiadin hydrolysis
followed an order different from that observed in buf-
fer (Table 111). Fraction D, hydrolysed first in buffer,
did not react while fraction A was more hydrolysed
than in reference medium. On the other hand, the
retention times of gliadin peaks were increased in
glycerol indicating an increase in hydrophobicity (Fig.
5.3).

For the less hydrophobic hydrolysates (peaks 1-5),
no difference in retention time due to the presence of
glycerol was observed while their surface increased as a
function of reaction time. For more hydrophobic pep-
tides the behaviour was different:

(i) peak 6 corresponding to the site hydrolysed in priori-
ty in buffer revealed an activation in enzyme reaction
for a glycerol concentration of 0.1 M and an inhibition
for concentrations higher than 1 M. It was partly
hydrolysed at 10 M glycerol (peaks 6 and 6' on Fig.
5.3).

(ii) a new peak (between peaks 8 and 9), never observed
in buffer, was revealed for glycerol concentrations
higher than 0.5 M after 10 min of hydrolysis. Its reten-
tion time was not varying with glycerol concentrations.
It was hydrolysed after 30 min of enzymatic reaction.
(iii) peak 9 exhibited a retention time varying with the
glycerol concentration, indicating a modification in
peptide hydrophobicity. As previously described for
other peptides, it revealed an activation for 0.1 M
glycerol and decreased at 10 M glycerol.

3.2, Wheat flour hydrolysis

Wheat flour hydrolysis was followed by the FPLC
method and the evolution of peak surfaces as measured
(Table 1V). The total surface evolution showed that the
enzymatic reaction was fast even on the insoluble
substrate and that a plateau was reached after 45 min
of hydrolysis. The surfaces of high molecular mass pro-
ducts (> 36 kDa) relatively decreased during the first
hour, indicating that hydrolysis did not induce an im-
portant solubilisation of the gluten proteins. The en-
zyme was mainly inducing an increase of low molecular
mass peptides,

When measured in the presence of sorbitol and
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Fig. 5, HPLC elution profiles of -8 gliadins before hydrolysis (1)
and after 60 min hydrolysis in buffer (2) and in 10 M glycerol (3).

glycero} (0.5, 1, 2 and 2.5 M), hydrolysis was found to
be influenced relatively to the polyol concentration.
The surface before the enzymatic reaction was increas-
ed by 22% for 2.5 M glycerol when compared to the
reference in buffer, indicating that the first effect of the
additive was to solubilise more proteins than buffer.
The results are described for 2.5 M glycerol (Fig. 7).
The presence of additive did not diminish the expres-
sion of enzyme activity:

Tso glycero]/ To glycerol ~ Ts0 reference’ To reference = 1.6
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&4 ~

TIME (min)

Fig. 6. Tot! hydrolysate surfacefgol gliadin surfive measured as a

function of hydrolysis time in media containing glyeerol at various

conceniralions, (O ONM; & 0L M GLOSM @ I M, 412 M;
A SM; e 10M)

Hydrolysis was more complete in glyeero! than in buf-
fer, as:

Surface < 2o kbu peprides in glycerol=87% total surface
Surface <0 kpa peprides iN buffer = 52% total surface,

Selectivity was modified, peptides of 0.5, 10 and 18
kDa appearing in the presence of glycerol. When sor-
bitol was used instead of glycerol, peptides of 8 and 18
kDa were observed. Sorbitol, like glycero], was found
to be able to favour the extraction of low molecular
mass molecules.

4. DISCUSSION

The presence of aw depressors (sugars and polyols,
particularly glycerol) makes subtilisin BPN’ activity
decrease.. This effect is exponentially related to water
activity, The experimental results show that the
catalytic activity is expressed whatever the water activi-
ty but with different efficiencies. Water availability
which has been shown to be a key parameter for
hydrolysis by several enzymes in aqueous media [9] and
for non-conventional reactions in organic solvents [21]
also seems to be a determining factor for the proteolytic
reaction. The microenvironment modifiers used here
may affect the thermodynamics of most processes in
which the substrate may be involved, including en-
zymatic transformations. It is important to note that in
the case of subtilisin BPN', glycerol which is a very ef-
ficient water activity depressor does not behave like the
other additives used. Such a difference has previously
been observed with lysozyme whose activity, on the
contrary, was less affected by glycerol than by other ad-
ditives [8]. These resulis show that a, partly controls
the reaction but also that the enzymatic activity is
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Table 11} .
Revidual 5 snd 48 gliadine afrer X min hydrolysds w @ futwtion of glyvered conventraton in the reaction medivm

e of 1ol ghiadin wirlface

Glycerol (M) o 0.1 0. 0 10

Peak A . e 28 24 3 12

Peak B 16 20 17 n 16

Peak ¢ 51 24 24 oy 2

Peak D & 31 26 4% 4
Table 1V

Wheat fleur hydrolysis by B 300 Bacilhey subtilis protease ux o Tunction of reaction time in buffer. The hyelmw\ublc products were analywd by
a roverse-phase HPLC methad

Maoleeular mass of hydrolysis products (kDa)

% Tatal surface =210 &s 36 24 15 %12 Total surface
Time (min) (arbitrary unix)
4] 7 6 22 24 & 21 376
5 4 K N 22 2 : W 412
10 2 4 a0 22 o N k1] 459
13 2 k) 18 21 22 M A9
k1] } k) 16 21 21 16 332
43 H 3 14 22 : 24 36 570
60 08 2 13,8 22 25 kb 5§74
0,02

Absorbance

TIME (min) 50
0,02
™ n
H "
% i
- Y
<t
o0& =
0 50

TIME (min)

Fig. 7. Wheat flour hydrosoluble products measured before («-=-)
and after 60 min ( ) of hydrolysis with B 500 protease in buffer
(1) and in 2.5 M glycerol medium (2).

dependent on the particular relation between the ad-
ditive and the reaction medium. '

Under these conditions, the kinetic parameters of the
enzyme are strongly madulated. The catalytic efficien-
¢y decreases with the glycerol concentration. The
decrease in affinity may be related to the increase in
medium viscosity due to'the presence of glycerol. These
results confirm those of Drapron [13] while Xu [22]
observed with yeast alcohol dehydrogenase in the
presence of sorbitol a decrease in both V), and Ky, in-
dicating that, in this case, the affinity for the substrate
was not diminished. This particular effect was at-
tributed to a conformational modification of the
enzyme.

On the other hand, the enzymatic cleavage priorities
on a well defined substrate appeared modulable follow-
ing the microenvironment conditions. Sobtilisin BPN'
has 5 theoretical hydrolysis sites on the B chain of in-
sulin. In limited proteolysis in buffer medium, only 4
are expressed with an obvious priority for one. This
preferential orientation of hydrolysis has been observed
on related enzymes: Novo and Carlsberg subtilisins
[23].

The modification of enzyme microenvironment, due
‘to high glycerol concentration, has allowed to direct
hydrolysis towards a cleavage site never expressed in an
agueous medium, The obtained peptide has a higher
hydrophobicity than the substrate from which it arises,
so that it is eluted later. Diffusion cannot explain this
modification of enzyme reaction.

We suppose that the hydrophobicity of the medium
increased by glycerol leads to an increased presentation
of hydrophobic parts of the substrate to the enzyme, so
that the no. 5 cleavage site, inaccessible in buffer, is
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hydrolysed first. On the other hand, the preferential
site in buffer (site no. 4) is ¢leaved only after sites no,
3 and 5. A threshold of 7 M glycerol was found
necessary to obtain the hydrophobic peptide. Such a
polyol concentration corresponcds to a water activity of
0.74 and a water concentration of 27.4 M.

The presence of water activity depressors in the reac-
tion medium modified the hydrolysis kinetics of both
purifed and insoluble proteins. In contrast to what was
obtained with insulin, the enzyme activity was always
expressed with a high rate in water-restricted media,

On the other hand, the influence of glycerol (or sor-
bitol) on protein hydrophobicity scemed to be deter-
mining for the enzyme efficiency as an important
increase in initial activity was obtained with gliadin
hydrolysis medium containing low glycerol concentra-
tions. On the other hand, the pelyol was shown to in-
crease the solubility of gluten proteins and did not
affect the neutral protease efficiency.

As for the B chain of insulin, the protease selectivity
was modified by the presence of glycerol. For gliadins,
the order of hydrolysis was modulated, the most
hydrophobic proteins, hydrolysed first in buffer did
not react in polyol-containing media for concentrations
higher than 0.5 M glycerol. The hydrophobicity of the
proteic substrates was modified by itself, as their reten-
tion times were affected by the concentration of
glycerol. A new peptide peak, corresponding to a
hydrdphobic - product appeared. The evolution of
hydrolysate products also revealed a modification in
hydrolysis priority as compared to the behaviour in
buffer (the cleavage bond most hydrolysed in buffer
does not react well for high glycerol concentrations).

When gluten was used, the presence of glycerol leads
to an increase in available substrate and to the obtain-
ing of new products. The molecular weights of the
products are dependent on the nature of the additive
used as observed in a comparison between glycerol and
sorbitol effects,

The physicochemical properties of the enzyme
microenvironment,  particularly viscosity, were
modified by the presence of the additive. The effects of
substrate diffusion, solution viscosity and water con-
ceniration on the enzymatic behaviour have been
described [24], while relationships between the colli-
sional activation mechanism and exclusion effects on
the one hand and Michaelis constants on the other have
been demonstrated [25]. The study of viscosity inten-
sifier additives to modulate the activity of a hydrolase
has shown that above a viscosity threshold, the medium
conditions were determining for the enzymatic activity
while below this value, the particular role of each ad-
ditive was predominant [26]. In the results here
presented, the enzyme seemed to be affected by the
medium conditions in a similar way; moreover, it was
shown that the medium mofification may participate in
changing the enzyme selectivity.
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Nasri [27] has shown a meodification in speeificity of
restriction enzymes in the presence of glycerol, Under
these conditions, the ¢nzymes were able 1o recognise
sites different from standared sites, This relaxation
phenomenon wag attributed 1o the loss of hydrogen
bonds between endonucleases and cuch base pair
recognised by the enzymes, so that the enzyme specifici-
ty diminished. In our case, numerous hydrogen bonds
were created between polyol and water molecules and
the polyol-containing medium presented an increased
hydrophobicity as compared to the buffer medium.
The complex interactions between the different forces
regulating substrate binding specificity were changed,
resulting in a modification of enzyme selectivity,

From our results, we may conclude that the selectivi-
ty of proteases is affected by water-structuring ad-
ditives such as polyols, whatever the size of the
substrate and its initial solubility.

With an enzyme of low specificity, an important
sclectivity restriction was observed. This result is of
considerable importance as it could explain how en-
zymes may be so weakly specific in vitro. In the cell
where proteases are synthesised, the water concentra-
tion is restricted (7} and we may assert that proteolytic
activity cannot be expressed at the maximal rate, and
that substrate specificity may be modulated in such a
way that the proteins necessary for the cell life are not
hydrolysed. In this case, the cell would synthesise
aspecific proteases without being affected in its
metabolism.

The search for extremely specific natural proteases
did not produce the wanted genetically programmed
enzymes, but rare exceptions {28], in contrast to what
happened  for DNA cleaving enzymes with the
discrvery of restriction enzymes. The in vivo selectivity
of proteases could be phenotypic rather than genotypic
and thus, partly controlled by the enzyme microen-
vironment. - Our results are a contribution to this
hypothesis.
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