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Aim. To investigate an ability of HBD-2 to induce aggregation of erythrocytes. Methods.
Aggregation assay, turbidimetry, light microscopy. Results. We have identified aggregation of
erythrocytes in the presence of at least 12.5 uM HBD-2 that was confirmed by light micros-
copy. Effect was strongly depended on HBD-2 concentration but was masked by hemolysis
of erythrocytes. Also, aggregation was diminished in presence even 10 mM of NaCl that may
indicate electrostatic nature of interactions between HBD-2 and erythrocytes. Conclusions.
HBD-2 can induce the salt-sensitive aggregation of erythrocytes in a dose-dependent manner.
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Introduction

HBD-2, a member of the B-defensin family of
antimicrobial peptides, is an important com-
ponent of innate immunity [1]. Its antimicro-
bial properties rely mainly on the ability to
bind and permeabilize cell membranes of bac-
teria, viruses and fungi [2]. It also possesses
some immunomodulatory functions [3]. Some
of the defensins, such as HNP-2 [4] or cryptdin
[5], can also induce the formation of peptide-
membrane aggregates after the incubation with

negatively charged vesicles. For HBD-2 or any
other B-defensin, this activity has never been
reported before. So, our goal was to show that
HBD-2 can aggregate membranes as well. To
reach the aim erythrocytes were used instead
of negatively charged vesicles. We also ob-
served some features of this interaction such
as dose-dependency and salt-sensitivity.

Materials & Methods

Production and purification of recHBD-2.
HBD-2 was produced by the recombinant
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E.coli Rosetta™ strain transformed by pGEX-
2T-HBD-2 construct as previously de-
scribed [6]. The production of recombinant
protein was performed in the same way as in
our previous report [7]. In short, the expression
of recombinant protein was inducted by addi-
tion of 1 mM IPTG when bacterial growth was
in the log-phase. After 5 h incubation the bac-
teria were pelleted and lysed. Lysate was ap-
plied on the glutathione-agarose column for
purification. After washing the column the
GST-HBD-2 fusion protein was cleaved by
thrombin and HBD-2 was separated by re-
verse-phase chromatography. The HBD-2 con-
taining fraction was air-dried and analyzed by
PAAG electrophoresis, densitometry, western-
blot and mass-spectrometry to check quantity,
purity and conformity with native HBD-2.

Erythrocyte suspension preparation. Blood
received from healthy volunteers after venipunc-
ture was added to 3.6 % (w/v) sodium citrate
solution in proportion 9:1. The resulting solution
was carefully mixed by inverting the tube.
Erythrocytes were triple washed in 270 mM
sucrose solution and counted manually. No vis-
ible hemolysis was observed. Afterwards, eryth-
rocytes were diluted to 200 million per milliliter
of 270 mM sucrose pH 8 or isotonic solution of
10, 25, 50 and 100 mM NacCl.

Aggregation assay. Erythrocyte suspension
was mixed with 3.125, 6.25, 12.5 and 25 uM
HBD-2. Then 100 pL of each suspension were
added to the wells of round-bottom 96-well
plate in triplicate. Plate was incubated at 37
°C for 60 min and centrifuged at 400 g for 5
min. After that, the sediment was analyzed.
Reaction was confirmed negative if sediment
was dot-shaped and positive if sediment was
umbrella-shaped. To confirm that the differ-

ences in sediment shape are due to the aggre-
gation of erythrocytes, the samples containing
25 uM HBD-2 and control sample were care-
fully resuspended and checked by light mi-
croscopy with magnification of 100.8 and 160.

Turbidity assay. Absorbance measurement
was performed at 630 nm. This wavelength
was chosen to eliminate the noise caused by
hemoglobin absorption that has absorbance
peak at 580 nm. The change in absorbance
indicates the changes in turbidity of sample
due to aggregation or lysis of erythrocytes.
Before the assay erythrocyte suspensions were
mixed: 1) with HBD-2 in wide range of con-
centrations from 2.5 to 40 uM for 60 min or
2) with 20 pM HBD-2 in the presence of 10—
100 mM NaCl for 60 min. Incubation was
performed at 37 °C in both cases. For checking
the rate of spontaneous erythrocyte aggrega-
tion and lysis, the control assay was also per-
formed without addition of HBD2.

Statistical method. Standard statistical
methods were used to process data, which were
presented in terms of a mean and standard
deviation. Differences between the groups
were calculated using U-test, with statistical
significance of p < 0.05.

Results

The aggregation assay shows that the addition
of HBD-2 to erythrocyte suspension leads to
the changes in erythrocyte sediment shape that
indicate their aggregation (Table 1).

Table 1. HBD-2 induced aggregation

of erythrocytes
HBD-2 0 [3.125] 625 | 125 | 25
concentration, pM
Aggregation - - - + +

17



D. O. Semeniuk, I. O. Starenka, A. P. Pogribna et al.

To prove this assumption, the sediments that
were formed after incubation with 25 uM
HBD-2 and with intact erythrocytes were ana-
lyzed by light microscopy (Figure 1). The
analysis shows that HBD-2 induces the forma-
tion of erythrocyte aggregates of different size.
Most erythrocytes are found in aggregates and
number of free erythrocytes decreased due to
the aggregation and hemolysis.

From Table 1 we can conclude that the ag-
gregates formation may be a dose-dependent
process because aggregation occurs only if the
HBD-2 concentration exceeds 12.5 uM. The
turbidity assay confirms this conclusion

(Figure 2A). It is remarkable that HBD-2 in
small amount actually decreases turbidity due
to strong hemolysis. But when the HBD-2
concentration exceeds 2.5 pM the aggregation
rate rapidly increases, at 5 uM reaches pri-
mary turbidity and then increases further to
20 uM. After that the aggregation stopped and
additional HBD-2 did not cause more aggrega-
tion.

We also know about the inhibitory effect of
salts on the HBD-2 activity [1]. To confirm
that aggregation also depends on the presence
of salts the turbidity was checked at different
concentration of NaCl and 20 uM HBD-2

Fig. 1. Microscopic image of HBD-2 induced erythrocyte aggregates: 4 —intact erythrocytes (160 X); B — intact

erythrocytes (100.8 X); C —erythrocytes after incubation with 25 uM HBD-2 (160 X); D — erythrocytes after incuba-

tion with 25 uM HBD-2 (100.8 X).
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Fig. 2. Aggregation of erythrocyte A) induced by HBD-2 in different concentration; B) in the presence of NaCl in dif-
ferent concentration at 20 uM HBD-2; @ — sample; m — control; error bars indicate standard deviation of the means of

four measurements.

(Figure 2B). Difference between the values of
turbidity of control and tested samples was
insignificant for all NaCl concentrations.
Therefore, we can conclude that aggregation
depends on the electrostatic interactions as
well.

Despite the fact that HBD-2 and some oth-
er defensins can aggregate membranes, an
explanation of physiological significance of
this activity may be complicated due to the
presence of salts in physiological fluids that
inhibit this activity. On the other side, the ac-
tivity may play a role at the low-salt conditions
where defensins may aggregate some bacteria
or enveloped viruses thus enhancing the patho-
gen clearance and preventing their penetration
into the cells.

Conclusion

The above research allowed us to discover a
novel mode of action of HBD-2, namely, the

ability to aggregate erythrocytes, and to dem-
onstrate that this activity is dose-dependent
and salt-sensitive.
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Mera. Jlocniantn 3naraicte HBD-2 inmykyBaru arpera-
iro epurpouutie. Meromu. ArperauifiHuii Tect, TypOi-
JIMMETpist, CBiTIIOBa Mikpockomis. Pesyiasrarn. byno Bu-
SIBJICHO arperariio epUTPOLUTIB B MPHCYTHOCTI MIOHAN-
mennte 12,5 uM HBD-2, 110 Oyio miaTBepInkeHo MiKpo-
CKOITIYHUM JIOCITIPKeHHAM. EekT ciiipHO 3anekaB Big
xoHeHTparii HBD-2, aie mackyBaBcs 3a paxyHOK TeMO-
73y epuTpouuTiB. Takok, arperaiis pUrHidyBajiach
HaBiTh y npucyTHOCcTi 10 MM NaCl, 1o Moke Bka3yBaTH
Ha eNeKTPOCTaTHIHY Tpupoay B3aemonii HBD-2 Ta epu-
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TporutiB. BucnoBkn. HBD-2 3nmareH iHayKyBaTH coe-
YYTIUBY arperamito epUTPOIHTIB 1030-3a7CKHIM YHHOM.

Kaw4uoBi caoBa: B-gedeHCHHH, T1030-3aJIC)KHUM,
COJIe-Uy TIIUBUI

Aggregation of erythrocytes: a novel activity
of Human Beta-Defensin-2

. A. Cementok, . A. Crapenbkasl,
A. TI. Tlorpe6nas, 1. B. Coxomn, /I. A. ToBcees

Meas. Uccnenorars criocodnocts HBD-2 numyrmpoBars
arperamuro SpuTpouuToB. MeToabl. ATperaloHHbIN TECT,
TYpOHIMMETPHSI, CBETOBasi MUKPOCKOIHsL. Pe3yabTarsl.
BbI10 BBISIBIICHO arperaruio 3pUTPOLUTOB B IPUCYTCTBUI
He MeHbIre 12,5 M HBD-2, uto ObUI0 MOATBEPIKACHO
MHKPOCKOITMYECKUM HCCIlieoBaHueM. DPQPEKT CHITBHO
3aBHUceN OT KoHneHTparuu HBD-2, Ho mackupoBaics
TeMOJIU30M 3PUTPOLIUTOB. Takke, arperanys yroerauaach
B mpucyTcTBun qaxke 10 MM NaCl, 4to MOXeT yka3bIBaTh
Ha 3IEKTPOCTaTHIECKYO0 IPUPOIY B3aHMOEHCTBHS MEK-
ny HBD-2 u sputpormramu. Beisoasl. HBD-2 cniocoben
HMHIYLUPOBAaTh COJIE-UyBCTBUTENIBHYIO arperanuio dpu-
TPOLIUTOB JI030-3aBUCUMBIM 00Pa3oM.

KnmoueBbie ¢J10Ba: -1eeHCHHBL, 1030-3aBHCUMBIN,
COJIe-TyBCTBUTEIIEHBIN
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