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INFLUENCE OF ORGANIC SOLVENTS
ON THE FURIN ACTIVITY
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Furin belongs to a family of calcium-dependent serine proprotein convertases, which transform the
inactive protein precursors into mature polypeptides. In model experiments, we studied the effect of organic
solvents such as acetone, dimethyl sulfoxide (DMSQO), dioxane, isopropanol and ethanol on the furin activity.
Furin was found to retain up to 88% of its initial activity in the presence of DMSO, whereas in the presence
of acetone only 30%. Organic solvents formed the following decreasing sequence of their effects on furin:
acetone> isopropanol> ethanol> dioxane> dimethyl sulfoxide. The relationship between the residual furin
activity and solvent parameters such as relative polarity, dipole moment and log P were investigated. The ef-
fect of the organic solvent appeared not to correlate with any of the listed characteristics. Laidler-Scatchard’s
graphs, which according to a theory must be linear, demostrated non-linearity. These results indicate that
not only electrostatic interactions play an important role in the studied enzymatic reaction but also other fac-
tors, e.g. hydrophobic contacts, hydrogen bonds can influence furin catalysis. This seems relevant for further

research in this area.
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proprotein convertases (PCs) family, which is

involved in the maturation of precursors in
the secretory pathway. It transforms both soluble and
membrane-bound proproteines into biologically ac-
tive products: hormones, growth factors, receptors,
enzymes, adhesion molecules, etc. [1-3]. In addition
to normal physiological functions furin can partici-
pate in an array of different pathological states in-
cluding cancer, various bacterial and viral infections,
atherosclerosis, endocrinopathies, neurodegenerative
diseases [4-6]. Therefore, furin is considered as an
attractive target for the synthesis of specific inhibi-
tors, which could find biochemical, clinical and
therapeutic applications [3-6].

Furin is accumulated in the trans-Golgi net-
work (TGN) and then recycles along TGN the cell
membrane, and the endosomal compartmets [3],
where it interacts with its protein substrates acti-
vating them. Since the polarity, pH values and ion

F urin is a member of the Ca?*-dependent serine

concentration in cell compartments differ [7], we de-
cided to study in the model experiments the effect of
various components of the incubation medium (for
example, metal ions, organic solvents, etc.) on furin.

In the literature, there are data on the effect of
metal cations such as sodium and potassium [8-10],
calcium and magnesium [1, 10], zinc, mercury and
manganese [11] and other ions on the catalytic
properties of furin. Previously, we also investigated
the effect of some heavy metal ions: cesium, cobalt,
and cadmium on the enzyme [12].

This report focused on the studying of the ef-
fect of some organic solvents added to the reaction
medium on the furin catalytic activity. The influence
of organic solvents on various enzymes has been
studied in many laboratories [13-18], however there
are no much relevant data on furin. Thus, it is cru-
cial not only to create specific inhibitors of furin, but
also to study the specific effects of various factors
of the incubation medium on it. That can provide
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valuable information on the molecular mechanisms
of furin action.

The purpose of our work was to carry out a
comparative study of the effect of organic solvents
on furin. To obtain data on the sensitivity and stabili-
ty of the enzyme to the action of different solvents,
we investigated their effect on the furin activity in
the range of solvent concentrations from 0 to 30%
(V/V).

Polar dimethyl sulfoxide (DMSO) is often
used as a standard solvent for studying the effects
of various synthetic and natural compounds on
enzymatic processes. It is usually used to dissolve
test compounds and then to screen them in model
experiments. The addition of nonpolar dioxane to
the incubation medium allows changing its dielec-
tric constant in the wide range from about 80 to 2.
Ethanol and isopropanol, in addition to changing the
permittivity, can compete with water in the acyl-
enzyme cleavage stage, thereby inhibiting the enzy-
matic reaction.

Materials and Methods

Reagents and preparations. The following or-
ganic solvents were used: 1,4-dioxane, DMSO, ace-
tone, ethanol and isopropanol (Sigma, USA). Com-
mercial products were: EDTA (Serva, Germany),
HEPES (Sigma, USA), B-mercaptoethanol, Triton
(Fluka, Switzerland). The fluorogenic substrate
Boc-Arg-Val-Arg-Arg-AMC was purchased from
Bachem (Switzerland), and the shorter recombinant
human furin (2000 U/ml) was purchased from New
England BioLabs (USA). The amount of enzyme that
under standard conditions cleaves 1 pmol of 7-ami-
no-4-methylcoumarin (AMC) from the fluorogenic
substrate per min was taken as the unit of furin ac-
tivity. Before work, the solution of the commercial
preparation of the enzyme was diluted 20-fold with a
working HEPES buffer (pH 7.3) and the resulting so-
lution was used to carry out the enzymatic reaction.

The dielectric constant € of the incubation me-
dium was calculated from the formula:

€= ('~ ¢,)/100]d,
where ¢’ and ¢, — are the dielectric permittivity of
the organic solvents and water, respectively, d — is
the percentage of these organic solvents in the re-
action medium [19, 20]. The magnitudes of the di-
electric constants of water (g)) and organic solvents
(€") at the temperature of the incubation medium
were calculated using the values of the temperature

coefficients of their permittivity: water (-4.63-107),
ethanol (-6.02:10%), acetone (-4.63-107%), dioxane
(-0.77-103 K1) [19, 20], or using the published data
on the dependence of the permittivity on tempera-
ture [22-27].

The inhibition coefficients of furin activity
were calculated by the formula:

A=W, =N,
where V, —is the initial maximum rate of the enzy-
matic reaction, and J— is the maximum reaction rate
in the presence of an organic solvent in the incuba-
tion medium.

Determination of furin activity. An aliquot of
the furin solution, containing 1 unit of the enzyme
activity was incubated in pH 7.3 buffer (100 mM
HEPES, 1 mM CaCl,, 0.5% Triton X-100 and 1 mM
B-mercaptoethanol) for 1 h at 37 © C with fluorogenic
substrate (75-250 uM) in a 150 ul sample. The reac-
tion was terminated by adding 2 ml EDTA (initial
concentration 5 mM) and the relative fluorescence
was measured on a PTI Quanta Master 40 spectro-
fluorometer (Canada) at an excitation wavelength
of 380 nm and an emission of 460 nm. The fluores-
cence readings were recorded for 60 sec. The values
of the Michaelis constants were determined by plot-
ting the Lineweaver-Burk graphs in three indepen-
dent experiments.

Determination of the influence of organic sol-
vents on furin. The concentrations of organic sol-
vents in the mixture with buffer ranged from 0 to
30% (v/v). The furin solution (10 pl) containing 1
unit of enzyme activity, the required amount of or-
ganic solvent and 10 pl of the fluorogenic substrate
were successively added to HEPES buffer (total
volume of the sample was 150 pl). The reaction was
terminated by adding 2 ml EDTA, and further pro-
cessing of the samples was conducted as described
above. The fluorescence values for the mixtures
which did not contain organic solvents, were taken
as 100%

Results and Discussion

In the presence of organic solvents, enzymes
usually, undergo denaturation and inactivation
[13, 14]. This is due to, for example, changes in pK
values of acidic and basic groups not only of the ac-
tive center or surface of the enzyme, but also disso-
ciating groups of buffer solutions [13].

Organic solvents can affect not only the stabili-
ty and activity of enzymes but also change their
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specificity [13]. To date, examples of proteinases
resistant to the action of organic solvents are well
known [15-18].

To obtain data on the furin stability and sen-
sitivity to various solvents, we tested following
organic solvents: acetone (aprotic polar solvent),
1,4-dioxane (aprotic nonpolar solvent), ethanol and
isopropanol (proton-containing polar solvents). Their
effects on furin activity are shown in Fig. 1.

It is seen that the effect of the solvent depends
on its chemical nature. Thus, the presence of dioxane
(5%) or isopropanol (10%) in the incubation medium
caused an increase in the enzyme activity by about
30% and 60%, respectively. A further increase in the
concentration of these solvents led to a dose-depen-
dent decrease in the furin activity. In the presence of
ethyl alcohol or acetone (concentration 10%), there
was practically no increase in the enzyme activity,
but an increase in the solvent concentration in the
reaction medium was found to inhibit furin activi-
ty. Acetone appeared to exibit the greatest inhibi-
tory effect on the enzyme. Thus, at concentration of
25% a decrease in the initial enzyme activity by
70% was observed. The least effect on furin was ob-
served in the presence of DMSO: furin remained ac-
tive (~88%) at the solvent concentration up to ~25%.
Thus, among the studied solvents, DMSO was found
to be the best solvent in terms of furin stability. The
tested organic solvents (at a concentration of 25%)
can be arranged in the descending order of their ef-
fect on the enzyme: acetone > isopropanol > ethanol
> dioxane > DMSO.

160

Furin activity, %

0'51'110'115I2IO'2I5'30l
Concentrations of organic solvents, %

Fig. 1. The effect of organic solvents on furin activi-

ty at pH 7.3: 1 —isopropanol, 2 — dioxane, 3 — dime-

thyl sulfoxide, 4 — ethanol, 5 — acetone
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The important physico-chemical characteris-
tics of organic solvents are known to be dielectric
permeability, polarity and hydrophobicity. Thus,
the influence of the solvent on the chemical reaction
is determined by its donor-acceptor properties and
dielectric permittivity [13].

We studied how the enzyme activity changed
(at a solvent concentration of 25% in the incubation
medium) depending on the following characteristics
of the solvents: dipole moment, the calculated log P
value, and relative polarity. These characteristics
were found on the Internet and are given in Table 1.

The inhibitory effect of the studied solvents
was found to not correlate with any of the above
characteristics, although the best approximation to
the linear dependence was observed for the solvent
relative polarity values (Fig. 2).

In this graph, the two points corresponding to
dioxane and DMSO were outside the straight line.

According to the theory [21], Laidler-Scat-
chard’s plots reflecting the dependence of the en-
zymatic reaction efficiency (In A) on the dielectric
constant of the medium (1/€) must be linear. To make
sure, we decided to construct an appropriate graph
for furin. Using the initial data (Table 2), the values
of the dielectric permittivity of buffer-solvents mix-
tures (pH 7.3) were calculated (see the Materials and
Methods section) at their concentrations 0, 5, 10, 15,
20, 25 and 30%, and changes in the furin activity
depending on 1/e of the incubation medium were
traced (Fig. 3).

Fig. 3 shows the corresponding plots in the
Laidler-Scatchard’s coordinates.

The presented plots show a non-linear
dependence, and the greatest deviations from linea-
rity were observed at sites corresponding to an or-

Table 1. Parameters of used organic solvents

. The dipol
Solvent Relat1.ve minigr?te *log P
polarity (1), Debye

Buffer without
organic solvent 1.000 2.88
DMSO 0.444 3.96 -1.35
Dioxane 0.164 0.45 0.46
Ethanol 0.654 1.69 -0.32
Isopropanol 0.546 3.96 0.14
Acetone 0.355 2.88 -0.24

Notes: *the calculated values of log P are presented
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Fig. 2. Dependence of the furin activity on the rela-
tive polarity of the investigated solvents

ganic solvent concentration of 0-15%. When ethyl
alcohol was used at concentration 0-20% the linear
dependence of the Laidler-Scatchard graph was
realized in this part of the curve (Fig. 3, B, 2). For
isopropanol and dioxane (Fig. 3, 4, / and 2), as well
as for acetone (Fig. 3, B, 3), the rectilinear section
corresponds to the solvent concentration range of
15-30%. When using DMSO, there is no linear de-
pendence on the Laidler-Scatchard graph (Fig. 3, B,
I). These features of the plots may indicate that in
catalysis by furin, an important role play not only
electrostatic interactions, but other factors such as
hydrophobic contacts and hydrogen bonds between
the enzyme binding site and the substrate/inhibitor
also have significant values for reaction [13]. The
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Table 2. The calculated values of the solvents
permittivity at 37 °C

Calculated
. . Sources
Solvent dielectric . )
oL of information
permittivity, €
Acetone 18.08 [23]
DMSO 46.01 [24, 26]
1,4-Dioxane 2.19 [22]
Isopropanol 17.62 [27]
Ethanol 22.59 [23]
Water 74.19 [25]

viscosity of the medium or its ionic strength, etc.,
can also be of great importance for catalysis [13]. To
assess their contribution to the enzymatic reaction,
further study is needed.

Thus, in the model experiments we showed
the effect of some organic solvents on the func-
tional activity of furin. These solvents can be ar-
ranged, depending on the impact, in the following
sequence - from the most aggressive to the most
tolerant: acetone> isopropanol> ethanol> dioxane>
dimethyl sulfoxide. The obtained Laidler-Scatchard
graphs reflecting the dependence of the efficiency
of the enzymatic reaction on the medium dielectric
constant (InA — 1/g), as well as the dependences of
the furin activity on the dipole moment, the calcu-
lated log P value, and the solvent relative polarity
appeared to be a non-linear. Thus, the effectiveness
of the enzymatic reaction is most likely determined

4.8 1
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InV

4.0 1
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13.0 13.514.0 14.5 15.015.5 16.0 16.5 17.0 17.5 18.0
1000/D

Fig. 3. Influence of the dielectric constant of the reaction medium on the furin activity. A: 1 — Isopropanol,
2 — Dioxane; B: I — Dimethyl sulfoxide, 2 — Ethanol, 3 — Acetone
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by not only electrostatic interactions of the reagents
but also other factors: hydrophobic contacts, hydro-
gen bonds, etc. These results are relevant for further
research in the field.
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OyprH HaNeXHUTh OO CiMeHCcTBa KalbIliii-
3aJIOKHUX  CEPUHOBHUX  IPOMPOTEIHKOHBEPTA3,
SIKi  3MIMCHIOIOTh TIEPETBOPEHHS HEAKTHBHHUX
MPEKYypCOpiB  TMPOTEIHIB B 3pili IMOJIMENTH/IH.
Y MOAenpHWUX eKCIIepUMEHTaX MW BHUBYWIHN
BILUTMB HAa aKTHUBHICTH €H3WMY TaKWUX OPTaHIYHUX
PO3YMHHUKIB, K aIleTOH, IUMETHICYIThPOKCHT
(IMCO), nmiokcan, i30mpoIiaHoN i eTaHon. 3Hai-
neHo, mo B npucytHocti JAMCO ¢ypun 36epira
CBOIO BUXIJTHY aKTHBHICTH 10 88%, Tomi sK 3a
HasBHOCTI arleToHy — Bcboro numie 10 30%. Bera-
HOBJICHO TaKy TIOCTiJOBHICTh 3HHMI)KEHHS BILIH-
By OpraHiYHUX PO3YMHHUKIB Ha (QypHH: ameToH>
130IPOMaHO> E€TAaHOI> MIOKCAaH> TUMETHIICYIh-
thoxcna. JlocmimkeHo B3a€MO3B’I30K MiX 3aJIHII-
KOBOIO aKTHBHICTIO (ypUHY 1 TAKHMH ITapameTpa-
MH PO3YHWHHHKA, SIK JIeNEeKTpPUYHA MPOHHUKHICTH,
BiJIHOCHA TIOJISIPHICTH, TUTIONFHUN MOMEHT i log P.
BusBunocs, mo BenmnmunHa e(EeKTy OpraHIdYHOTO
PO3YMHHUKA HE KOPENIOE Hi 3 OJHIEI0 3 HABEACHUX
xapakTepuctuk. ['padiku B koopnunartax Jleime-
pa-Ckeruapa, sKi BiAMOBITHO /1O Teopii, MAarOTh
OyTH JNiHIHHUMH, HE € TakKUMHU. Bce 1ie CBiAYHTH
Mpo Te, IO B PO3TIISHYTIH €H3UMHIN peakIlii Bax-
JIUBY POJIb BIAITPAIOTh HE TITBKU EIEKTPOCTATUYHI
B3aemopii, aje i TigpohoOHI KOHTAaKTH, BOIHEBI
3B’SI3KU Ta iHII (aKTOPH TaKOXX MOXKYTh BILUTHBATH
Ha karaniz ¢gypuHom. lle BHmaeThCs akTyasbHUM
JUTS TIONAJTBIITNX JOCIIKEHb Y 3a3HaueHiil 00macTi.

KnmouoBi cnoma: ¢ypuH, opraHidi
PO3YMHHUKH, AKTHUBHICTH (ypHHY, IHTIOyBaHHS,
aKTUBAIlis.
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@ypUH OTHOCUTCSI K CEMEHUCTBY KaJbl[MH-3a-
BHUCHUMBIX CEPUHOBBIX MPOMPOTEMHKOHBEPTA3, OCY-
MIECTBJISIONUX TIPEBpAlllcHHe HEAKTUBHBIX TIIpe-
KypCOpOB TIPOTEHHOB B 3peJble MOJUMENTHABL. B
MOJIEJIBHBIX AIKCTIEPUMEHTAX MBI H3yUHIIN BIHSHUE
Ha aKTUBHOCTH DH3MMa TaKWX OPraHUYECKUX pac-
TBOpHTENEH, KakK aleToH, JAUMETHIICYIb(OKCHT
(IMCO), nmoxcan, m3omnpornanon u 3tanHoin. llo-
kazaHo, uto B npucytcteuu JMCO ¢ypun coxpa-
HSIJ1 CBOKO MCXOJIHYHO aKTHUBHOCTH 10 88%, TOrma
Kak IpU HAJIUYUHU al€TOHA — BCEro Juib 10 30%.
YcraHOBIIEHa CIIEAYIOIIAs —ITOCIIEI0BATEIBHOCTh
CHWKCHHS BJIUSHHS OPraHMYECKHX pPacTBOPHUTE-
Je Ha (QypHH: aleToOH > W30MPOIMAaHON > ITAHOI
> nuoKcaH > muMeTuicyibpokcua. MccremnoBana
B3aUMOCBSI3b MEXJy OCTAaTOYHOH aKTHBHOCTHIO
(yprHa W TakMMH TapaMeTpaMu PacTBOPHUTEINS,
KaK JHPJIEKTpHYEcKass MPOHUIIAeMOCTh, OTHOCH-
TeJbHAas MOJISAPHOCTb, TUTIONBHBINH MOMEHT U log P.
Oxkaszarnock, 9To BennmdnHa dPdeKTa OpraHmvecKo-
T0 PacTBOPHUTENS HE KOPPENUpyeT HHU C OJHOU W3
MIPUBEICHHBIX XapaKTepucTuk. [ paduku B KOOp-
nuHarax Jlelnnepa-CkeTuapaa, KOTOPbIE COrJIACHO
TEOPUHU JTOJKHBI OBITH JIMHEHHBIMH, HE SBISIOTCS
TaKOBBIMH. Bce 3TO CBUIETENBCTBYET O TOM, UTO
B paccMaTpUBaeMOW SH3UMHOW pPEakIM¥ BaKHYFO
POIb UTPAIOT HE TOJIBKO JEKTPOCTATHUECKHE B3a-
UMOJICHCTBHS, HO U THAPO(OOHBIE KOHTAKTHI, BO-
JIOPOJIHBIC CBSI3M U ApyTrUe (PaKTOPHI TaKKe MOTYT
BIIUATH HA KaTtaiu3 GypuHOM. DTO TPEIACTaBIACT-
Csl aKTYaJIbHBIM ISl TaTbHEUIITNX UCCIIEAOBAHUN B
JTAHHOW 00JIaCTH.

KnaoueBbie cunoBa ¢Qypun, opranude-
CKM€ PacTBOPUTENH, aKTUBHOCTH (pypHHA, HHTHOU-
pOBaHMe, aKTHBAIIHS.
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