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A SET OF FLUORESCENT PROBES TO STUDY THE INFLUENCE OF LOW MOLECULAR
WEIGHT CRYOPROTECTANTS ON HUMAN ERYTHROCYTE MEMBRANES

Y. Korniyenko”, Y. Posokhov'

A set of fluorescent probes, which consists of 2-(2'-OH-phenyl)-5-phenyl-1,3-oxazole, 2-(2'-OH-phenyl)-5-
(4'-phenyl-phenyl)-1,3-oxazole and 2-(2'-OH-phenyl)-9,10-phenantr-1,3-oxazole, has been suggested to
study the influence of low molecular weight cryoprotectants, such as glycerol, dimethylsulfoxide and
1,2-propanediol, on human erythrocyte membranes. Using a set of fluorophores with different locations in
lipid bilayer enabled to show that under the action of the cryoprotectants the increase in the membrane hy-
dration occurs in polar regions of the erythrocyte membrane, while no changes in hydration have been ob-
served in the most hydrophobic regions of the erythrocyte lipid bilayer. The minimal concentration of the
cryoprotectant, which causes the perturbation of the erythrocyte membrane, has been estimated to be 0.5,
1.5 and 5.0 % vol. for glycerol, dimethylsulfoxide, and 1,2-propanediol, correspondingly. The suggested set
of fluorescent probes can be used to monitor the changes of physico-chemical properties in different regions
of erythrocyte lipid bilayer under the action of cryoprotectants and to determine optimal concentrations of
cryoprotectants for low-temperature storage of the cells.

Key words: fluorescent probe, human erythrocyte membrane, cryoprotectants, dimethylsulfoxide, glyc-
erol, 1,2-propanediol.

Introduction

Low molecular weight cryoprotectants, such as dimethylsulfoxide, glycerol and 1,2-propanediol,
are widely used in biology, medicine and biotechnology for the long-term storage of the human and
animal cells at low temperatures [1]. Unfortunately, at high concentrations cryoprotectants can influ-
ence membrane integrity of cell membranes even before freezing [2]: such negative influence vary
between different types of cells. Thus, in order to make optimal choice of cryoprotectant concentration
for the low-temperature storage of the definite type of cells one should study the influence of the cryo-
protectant on the structural integrity of the cell membrane before freezing.

Due to high sensitivity and informativity, fluorescent methods are a valuable tool to study struc-
tural modifications of biomembranes [3]. In literature one can find a few examples of the fluorescent
probe usage to study the influence of low molecular weight cryoprotectants, such as dimethylsulfox-
ide, glycerol and 1,2-propanediol, on cell membrane structural integrity: e.g., Giraud et al. [4] used
fluorescence anisotropy measurements of diphenylhexatriene (DPH) to study action of glycerol on
human spermatozoa membrane; Dyubko et al. [S] used 3-hydroxy-4'-(N,N-dimethylamino)flavone
(FME) to study an influence of low molecular weight cryoprotectants on rat liver microsome mem-
branes. In each of the above cases only one fluorescent probe was used to study the changes in lipid
membranes: such experimental scheme did not allow to monitor the changes of physico-chemical
properties in different regions of lipid bilayer.

This article describes the possibility to use a set of fluorescent probes, which consists of a few or-
tho-hydroxy derivatives of 2,5-diaryl-1,3-oxazole, in order to monitor the changes in different areas of
human erythrocyte membrane (i.e. both in polar and apolar regions of lipid bilayer) under the influ-
ence of cryoprotectants (dimethylsulfoxide, glycerol and 1,2-propanediol).

Materials and methods

Synthesis and purification of 2-(2'-OH-phenyl)-5-phenyl-1,3-oxazole, 2-(2'-OH-phenyl)-5-(4'-
phenyl-phenyl)-1,3-oxazole and 2-(2'-OH-phenyl)-9,10-phenantr-1,3-oxazole were described else-
where [6, 7]. Dimethylsulfoxide, glycerol and 1,2-propanediol were from “Sigma-Aldrich Russia”.

Red blood cells (erythrocytes) were obtained from human blood by centrifugation at 3000 rpm for
3 minutes (the blood was centrifuged three times). The obtained erythrocytes were resuspended in
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physiological solution (0.15 M) at room temperature (20 °C). After addition of cryoprotectants the
suspensions of erythrocytes were equilibrated at 20 °C for 40 minutes.

The suspension of erythrocytes, used for the fluorescence measurements, had absorption 0.02 at
545 nm. For all the fluorescence measurements, the cells were fluorescently labeled using the same
procedure. Since the solubility of the probes is limited in water, the 0.2 mM stock solution of the
probes in acetonitrile was used. An aliquot of 0.2 mM stock solution of the probe in acetonitrile was
added to physiological solution with erythrocytes (i.e. acetonitrile final concentration was < 0.5%) to
achieve final probe concentration of 1 uM. The cell suspension was then incubated with the probes in
the dark at room temperature for 1 hour before fluorescence measurements.

Fluorescence spectra were recorded on a Hitachi F850 steady-state fluorescence spectrometer at
room temperature. The slits on excitation and emission monochromators were 5 nm. The measure-
ments were made in a 10 mmx10 mm cuvette. An excitation wavelength was 330 nm. Emission was
recorded in the range of 340 — 620 nm, with an increment of 1 nm. Data were collected with a 1 s in-
terval.

Results and discussion

Ortho-hydroxy derivatives of 2,5-diaryl-1,3-oxazole have been chosen for the study because of
their high sensitivity to the parameters of the environment, such as polarity, viscosity and hydrogen-
bonding ability [6-12]. In the excited state the ortho-hydroxy derivatives of 2,5-diaryl-1,3-oxazole are
capable of isomerization via the excited state proton transfer (ESIPT) reaction (Fig. 1): hydroxyl group
in the ortho-position of the lateral benzene ring acts as protonodonor and the nitrogen atom of oxazole
ring acts as proton acceptor [6-12]. The result of the ESIPT reaction is the formation of photo-
tautomeric form (T*), fluorescent in significantly longer wavelengths in comparison with the initial
form (N*) [6-12].
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Figure 1. Scheme of excited state proton transfer (ESIPT) reaction in 2-(2’-OH-phenyl)-5-phenyl-1,3-
oxazole. Upwards arrow shows the electronic excitation and downwards arrow represents the light
emission (fluorescence). Corresponding maxima of absorption and fluorescence are measured in na-
nometers.

The position and intensity of the fluorescence of each form depend not only on the chemical struc-
ture, but also on the parameters of the molecule microenvironment [6-12].
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The presence of two-band fluorescence allows to perform ratiometric measurement, i.e. to use the
ratio of phototautomeric form and the initial form fluorescence intensities (Ir+/Ix+) as a parameter for
evaluation of the physical and chemical properties of the microenvironment. The use of ratiometric
fluorescent probes allows to exclude the measurement error associated with the deviation of the fluo-
rescent probe concentration (e.g., uneven distribution of the fluorescent probe in various membranes)
and the measurement error associated with a deviation of fluorescence equipment settings (deviation
of the intensity of the exciting source, a change in focus, changes in the sensitivity of the photodetec-
tor, etc.) [13].

A few ortho-hydroxy derivatives of 2,5-diaryl-1,3-oxazole that differ in their lipophilicity [8-11]
were selected for the present study (Fig. 2): 2-(2'-OH-phenyl)-5-phenyl-1,3-oxazole (probe 1),
2-(2'-OH-phenyl)-5-(4'-phenyl-phenyl)-phenyl-1,3-oxazole (probe 2) and 2-(2'-OH-phenyl)-9,10-
phenantr-1,3-oxazole (probe 3). It is expected that the regions of location of selected probes in the
membrane are different and correspond to the lipophilicity of the probes (Fig. 2) [8-11]. Expected
location and orientation of probes 1, 2 and 3 in lipid membranes is based on their fluorescence proper-
ties in lipid membranes [8-11] and on the basis of their structural similarity with fluorescent probes
with known location in lipid membranes [3]. The location of the probes in lipid membranes:
probe 1 — in the area of glycerol residues of phospholipids and in the area of carbonyl groups of phos-
pholipids; probe 2 — in the area of carbonyl groups of phospholipids and in the area of methylene
groups of phospholipids near the polar region of the bilayer; probe 3 — in the area of methylene groups
of phospholipids near the center of the bilayer and in the center of the bilayer (Fig. 2).

The fluorescence spectra of the probes 1, 2 and 3 in human erythrocyte membranes before and after
the action of dimethylsulfoxide are shown on Fig. 3.
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Figure 2. Expected location and orientation of fluorescent probes 1, 2 and 3 based on their fluores-
cence properties in lipid membranes [8-11] and on the basis of their structural similarity with fluores-
cent probes with known localization in lipid membranes [3]. Two molecules of phosphatidylcholine
from the outer monolayer are shown to denote the localization of the probes.

Two fluorescence bands are observed in each fluorescence spectrum presented in Fig 3: short-
wavelength band is the fluorescence of the initial form (N*, see Fig. 1) and long-wavelength band is
the fluorescence of the phototautomer form (T*, see Fig. 1).

According to Fig. 3, the action of dimethylsulfoxide on erythrocyte membranes resulted in the in-
crease of the fluorescence intensity of the normal form (Ix«), in the decrease of the ratio It+/Iy« and in
hypsochromic (i.e. short-wavelength) shift of the phototautomer fluorescence of the probes 1 and 2, at
the same time, no noticeable changes were observed for the probe 3. Similar results were observed in
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case of action of high concentrations of glycerol or 1,2-propanediol on the erythrocyte membranes
(not shown).

The observed hypsochromic shift of phototautomer fluorecscence bond and decrease of the ratio
I+/In+ for probes 1 and 2 in erythrocyte membranes after the action of the cryoprotectants are indica-
tive of an increase in polarity and hydrogen-bonding ability in the lipid membrane regions, where
probes 1 and 2 are located. Such changes point to the increase in hydration of the lipid membrane
[14-16] in the regions, where probes 1 and 2 are located: in the area of glycerol residues of phosphol-
ipids, in the area of carbonyl groups of phospholipids and in the area of methylene groups of phos-
pholipids near the polar region of the bilayer. The increase in hydration may be caused by the pertur-
bation of the membrane lipid packing [15]. Moreover, taking into account that glycerol and
1,2-propanediol are cryoprotectants penetrating into membrane [5, 17-20] (i.e. so-called “membrane-
permeable cryoprotectants” [20]), one can suggest that the abovementioned increase in the hydration
of the erythrocyte membrane may be due to the accumulation of hydrated cryoprotectant molecules in
the membrane [5].
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Figure 3. Normalized fluorescence spectra of probes 1 (A), 2 (B) and 3 (C) in human erythrocyte
membranes in the presence of different concentrations (% vol.) of dimethylsulfoxide (DMSO):
(a) 0 (solid line), (b) 0.5 (dash-dot-dot line), (b) 15 (dashed line).

The influence of cryoprotectant concentration growth on the ratio of phototautomeric form and the
initial form fluorescence intensities (Ir+/Inx) of probes 1, 2 and 3 is shown on Fig. 4.

It is found that initial concentration of cryoprotectant that causes perturbation of human erythrocyte
membrane is 0.5, 1.5 and 5.0 % vol. for glycerol, dimethylsulfoxide and 1,2-propanediol, correspond-

ingly.
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Thus, the ortho-hydroxy derivatives of 2,5-diaryl-1,3-oxazole can be used to determine optimal
concentrations of cryoprotectants for low-temperature storage of the cells.

According to Figs. 3 and 4, there are no changes in the fluorescence spectra (and, thus, in the ratio
I+/Inx) of probe 3 in human erythrocyte membranes after the action of the cryoprotectants. This result
shows that the used cryoprotectants do not affect the regions, where probe 3 is located: i.e. the area of
methylene groups of phospholipids near the center of the bilayer and the center of the bilayer.

Summarizing the results for probes 1-3, one can conclude that the suggested set of fluorescent
probes enables to monitor the changes of physico-chemical properties in different regions of erythro-
cyte lipid bilayer under the influence of the cryoprotectants.
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Figure 4. The influence of cryoprotectants (dimethylsulfoxide (squares), glycerol (triangles) and
1,2-propanediol (circles)) on the fluorescence intensity ratio It+/In+ of probes 1 (A), 2 (B) and 3 (C) in
human erythrocyte membranes.

Conclusions

A set of fluorescent probes, which consists of 2-(2'-OH-phenyl)-5-phenyl-1,3-oxazole, 2-(2'-OH-
phenyl)-5-(4'-phenyl-phenyl)-1,3-oxazole and 2-(2'-OH-phenyl)-9,10-phenantr-1,3-oxazole, has been
suggested to study the influence of low molecular weight cryoprotectants, such as glycerol, dimethyl-
sulfoxide and 1,2-propanediol, on human erythrocyte membranes. Using a set of fluorophores with
different locations in lipid bilayer enabled to show that under the action of the cryoprotectants the
increase in the membrane hydration occurs in polar regions of the erythrocyte membrane, while no
changes in hydration have been observed in the most hydrophobic regions of the erythrocyte lipid
bilayer. The minimal concentration of the cryoprotectant, which causes the perturbation of the eryth-
rocyte membrane, has been estimated to be 0.5, 1.5 and 5.0 % vol. for glycerol, dimethylsulfoxide and
1,2-propanediol, correspondingly. The suggested set of fluorescent probes can be used to monitor the
changes of physico-chemical properties in different regions of erythrocyte lipid bilayer under the ac-
tion of cryoprotectants and to determine optimal concentrations of cryoprotectants for low-temperature
storage of the cells.
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Ilocmynuna 0o peoaxyii 11 ciunus 2016 p.

E. A. MNMocoxos. Habop ¢dnyopecueHTHbIX 30HA0B AN NCCNEefOoBaHNS BNNSHUS KPUOMNPOTEKTOPOB C HU3KON MO-
NeKynsApHON Maccon Ha MeMbpaHbl 3pMTPOLIMTOB YenoBeka.

Habop dnyopecLeHTHbIX 30HA0B, cocToAWwmi n3 2-(2'-OH-teHnn)-5-dbennn-1,3-okcasona, 2-(2'-OH-dexunn)-5-
(4'-benHun-denunn)-1,3-okcasona n 2-(2'-OH-dbeHnn)-9,10-deHaHTp-1,3-0kca3ona, 6bIN NpeanoxeH Ans uccrne-
[0BaHUA BIIUSHUS KPUOMPOTEKTOPOB C HU3KOW MOSEKYSIPHOW MACCOW, TaKMX Kak rMULEpPUH, AMMETUNCYnbgoKcua,
n 1,2-nponaHgunon, Ha membpaHbl 3pUTPOLUTOB Yenoseka. Vicnonb3oBaHne Habopa ¢rnyopodopoB, UMEHLLMX
pasnuyHylo nokanusauuio B nunuagHoMm Grcrnoe, NO3BONWUIIO MOKa3aTb, YTO NPV BO3AENCTBUU KPUOMPOTEKTOPOB
NPOUCXOAWT YBENUYeHWe rmapaTtaummn MnonspHbiX obractern MemOpaHbl 3puUTpoLuTa, B TO XE BPEMS HUKaKMX
W3MEHEHUI cTeneHu ruapatauumn Hanbonee rmapodobHbIX obnacTern nunuaHoro 6ucnos aputpounTa obHapyxe-
HO He Obino. OueHeHa MUHMMAarnbHasi KOHLEHTPALMSA KPpUONPOTEKTOPA, NMPU KOTOPOW NMPOUCXOONAT U3MEHEHUS B
membpaHe aputpouuta: 0,5, 1,5 n 5,0 % 06. ans rmuuepuHa, AumeTuncynbdokemaa u 1,2-nponaHgmona, cooT-
BETCTBEHHO. [1peanoxeHHbIi Habop drnyopecuUeHTHbIX 30HAOB MOXET ObiTb MCMOMbL30BaH Ansi MOHUTOPWHra
N3MEHEHUIN (PUINKO-XMMNYECKMX CBONCTB B Pas3nuUyHbIX 00nacTax NunuaHoro ucnost aputpoumTa nog AencTBu-
€M KpPMOMpPOTEKTOPOB U AN OLIEHKM ONTUMAarbHbIX KOHLEHTPALUN KpMONPOTEKTOPOB ANsi HU3KOTEMMEpaTypHOro
XpaHEeHUs! KINeToK.

KntoyeBble cnoBa: driyopecueHTHble 30HAbl, MembpaHa epuTpounTa YenoBeka, KpUOonpoTEKTop, MMULEPUH,
aumeTtuncyndokeua, 1,2-nponaHamon.

€. O. MNocoxos. Habip dnyopecueHTHNX 30HAIB ANSA AOCMIAKEHHS BMMBY KPiONPOTEKTOPIB 3 HU3LKOK MOMEKy-
NSIPHOK Macolo Ha MembpaHy epUTPOLUTIB NMHOANHMU.

Habip dpnyopecueHTHUX 30HAIB, KM cknagaeTbes 3 2-(2'-OH-deHin)-5-deHin-1,3-okcasony, 2-(2'-OH-deHin)-
5-(4'-peHin-cenin)-1,3-okcasony i 2-(2'-OH-deHrin)-9,10-peHaHTp-1,3-0kca3ony, Oyno 3anponoHoBaHO ANiA O0-
CNigXXeHHs BNNUBY KPIONPOTEKTOPIB 3 HU3bKOK MOMEKYISIPHOK Macoto, Takmx siK rrilepuH, AUMeTUNcynbdoKeus i
1,2-nponaxgion, Ha MembpaHn epuTpoLUTIB NoanHN. BukopucTtaHHs Habopy dnyopodopi, siki pisHATbCS noka-
nizaujieto B ninigHomy 6Gilapi, 403BONUNO NokasaTtu, WO N4 Aieto kpionpoTekTopiB BiabyBaeTcs 30inblUeHHSs ria-
patauii nonsipHux obnacten membpaHn epuTpouMTa, B TOW K€ Yac Hisikux 3MiH CTyneHs rigpartauii HanbinbL
rigpodobHux obnactew ninigHoro Giwapy eputpoumTa BUsSBNEHo He Byrno. Byno ouiHeHO MiHiManbHy KOHUeEeHTpa-
Lito KpionpoTeKTOopY, Ska CNpUYMHAE 3MiHWM y membpaHi eputpouuTa: 0,5, 1,51 5,0 % 06. ans rniuepuHy, AumeTr-
ncynbcokenagy i 1,2-nponangiony, BignoBigHO. 3anpornoHOBaHUIM Habip (onyopecueHTHUX 30HAIB MOoXe OyTu
BUKOPWUCTAHUIN ONSA MOHITOPUHIY 3MiH (hi3nKo-XiMi4HMX BNacTUBOCTEN y pisHUX obnacTtsx ninigHoro Giwapy epuTt-
pouunTa nig Aieto KpionpoTEKTOPIB i ANs BU3HAYEHHST ONTUMAarbHUX KOHLEHTPaLiA KpionpoTEKTOPIB 4SS HU3bKOoTe-
MmrepaTypHoro 36epiraHHsi KniTuH.

KniouoBi cnoBa: cnyopecLeHTHi 30HAM, MeMbpaHa epuTpoLMTa NOOUHM, KPIONPOTEKTOP, rMiLepuH, AMMeTuHI-
cyndpokeuna, 1,2-nponaxHaion.
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