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Glycopeptides, such as vancomycin, are powerful antibiotics against methicillin-resistant Staphylococcus
aureus. Balhimycin, a glycopeptide antibiotic isolated from Amycolatopsis balhimycina, is similarly effec-
tive as vancomycin. Side effects of vancomycin include triggering of platelet apoptosis, which is charac-
terized by cell shrinkage and by cell membrane scrambling with phosphatidylserine exposure at the cell
surface. Stimulation of apoptosis may involve increase of cytosolic Ca2+ activity, ceramide formation,
mitochondrial depolarization and/or caspase activation. An effect of balhimycin on apoptosis has, how-
ever, never been reported. The present study thus tested whether balhimycin triggers platelet apoptosis.
Human blood platelets were treated with balhimycin and cell volume was estimated from forward scat-
ter, phosphatidylserine exposure from annexin V-binding, cytosolic Ca2+ activity from fluo-3AM fluores-
cence, ceramide formation utilizing antibodies, mitochondrial potential from DiOC6 fluorescence, and
caspase-3 activity utilizing antibodies. As a result, a 30 min exposure to balhimycin significantly
decreased cell volume (P1 lg/ml), triggered annexin V binding (P1 lg/ml), increased cytosolic Ca2+

activity (P1 lg/ml), stimulated ceramide formation (P10 lg/ml), depolarized mitochondria (P1 lg/
ml) and activated caspase-3 (P1 lg/ml). Cell membrane scrambling and caspase-3 activation were vir-
tually abrogated by removal of extracellular Ca2+. Cell membrane scrambling was not significantly
blunted by pancaspase inhibition with zVAD-FMK (1 lM). In conclusion, balhimycin triggers cell mem-
brane scrambling of platelets, an effect dependent on Ca2+, but not on activation of caspases.

� 2013 Elsevier Inc. All rights reserved.
1. Introduction

Glycopeptides are valuable drugs in the treatment of infections
with methicillin-resistant Staphylococcus aureus [1]. The most
widely used glycopeptide is vancomycin [2–4]. Balhimycin is a
vancomycin-like glycopeptide antibiotic isolated from Amycolatop-
sis balhimycina with in vitro and in vivo activity similar to that of
vancomycin differs from vancomycin in the glycosylation pat-
tern.[5–10]. Little is known about effects of balhimycin on host
cells. Vancomyin has most recently been shown to trigger platelet
apoptosis [11], which is characterized by cell shrinkage and cell
membrane scrambling [12–14]. Cellular mechanisms contributing
to the stimulation of platelet apoptosis include increase of cyto-
solic Ca2+ activity [15], ceramide formation [13], mitochondrial
depolarization [12] and caspase-3 activation [12–14].

The present study has been performed to elucidate the effect of
balhimycin on platelet apoptosis. It is shown that balhimycin in-
ll rights reserved.
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deed stimulates cell shrinkage and cell membrane scrambling, ef-
fects paralleled by increase of cytosolic Ca2+ activity, ceramide
formation, mitochondrial depolarization and caspase-3 activation.
The cell membrane scrambling was significantly blunted by re-
moval of extracellular Ca2+, but not by pancaspase inhibitor zVAD.

2. Materials and methods

2.1. Isolation and stimulation of human platelets

Fresh ACD-anticoagulated blood was obtained from healthy vol-
unteers between the age of 22–50 years with informed consent
according to the Ethics Committee of the Eberhard Karls University
Tuebingen, Germany (184/2003V). The blood was centrifuged at
200g for 20 min at 25 �C. The platelet rich plasma was separated,
added with Tyrode buffer (137 mM NaCl, 2.8 mM KCl, 12 mM
NaHCO3, 5 mM glucose, 0.4 mM Na2HPO4, 10 mM HEPES, 0.1%
BSA), pH 6.5 in 1:7 volumetric ratio and centrifuged at 900g and
25 �C for 10 min. The platelet pellet was resuspended in 500 ll of
Tyrode buffer (pH 7.0). Care was taken not to expose platelets to
excess shear or oxygen.
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Fig. 1. Effect of balhimycin on phosphatidylserine exposure and forward scatter of
human platelets. (A) Arithmetic means ± SEM (n = 6) of the percentage of human
platelets binding annexin V Flous following a 30 min exposure to Tyrode buffer
(2 mM CaCl2) in the absence (control) and presence of 1–15 lg/ml balhimycin.
⁄⁄p < 0.01 and ⁄⁄⁄p < 0.001 indicates statistically significant difference to value in the
absence of balhimycin. (B) Arithmetic means ± SEM (n = 5) of the forward scatter of
human platelets following a 30 min exposure to Tyrode buffer in the absence
(control) and presence of 1–15 lg/ml balhimycin. ⁄p < 0.05, ⁄⁄p < 0.01 and
⁄⁄⁄p < 0.001 indicates statistically significant difference to value in the absence of
balhimycin.
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The platelets were stimulated in Tyrode buffer (pH 7.4) with
2 mM CaCl2 containing 1 million platelets in each reaction in a to-
tal volume of 1 ml. Where indicated, balhimycin (synthesized by
the department of Microbiology and Biotechnology, Eberhard Karls
University Tuebingen) was added at the indicated concentrations
(1, 5, 10, and 15 lg/ml) for 30 min at 37 �C. A negative control
without balhimycin and a positive control with ionomycin
(1 lM) was analyzed simultaneously with each set of experiments.

2.2. Phosphatidylserine exposure

Phosphatidylserine exposure was measured following stimula-
tion with balhimycin, centrifuging the cells at 1000g for 2 min fol-
lowed by washing once with Tyrode buffer (pH 7.4) with 2 mM
CaCl2, staining with 1:20 dilution of annexin V Fluos (Immuno-
tools, Germany) in Tyrode buffer (pH 7.4) with 2 mM CaCl2 and
incubating at 37 �C for 30 min. The fluorescence was measured in
FL-1 of a BD FacsCalibur (BD Biosciences, CA, USA).

2.3. Calcium measurements

Intracellular calcium concentration was measured following
stimulation with balhimycin as indicated, washing once in Tyrode
buffer (pH 7.4) with 2 mM CaCl2, staining with 5 lM Fluo-3AM
(Biotium, USA) in the same buffer and incubating at 37 �C for
30 min. The fluorescence was measured in FL-1 of a BD FacsCalibur
(BD Biosciences, CA, USA).

2.4. Caspase-3 activity

Caspase-3 formation produced in the cells was determined uti-
lizing CaspGlow Fluorescein Active Caspase-3 Staining kit from
BioVision (CA, USA) as per the manufacturer’s instruction. The fluo-
rescence intensity was measured in FL-1 in BD FACS Calibur (BD
Biosciences, USA).

2.5. Mitochondrial membrane potential

For determination of mitochondrial potential platelets were
centrifuged and resuspended in phosphate buffered saline (PBS)
(Invitrogen, CA, USA) supplemented with 1 mM MgCl2, 5.6 mM
glucose, 0.1% BSA and 10 mM HEPES (pH 7.4) in a total volume
of 1 ml and stained with 10 nM DiOC6 (Invitrogen, CA, USA) for
10 min. The stained cells were centrifuged at 1000g for 2 min at
25 �C, resuspended in PBS and measured in FL-1 of FACS [12].

2.6. Ceramide formation

For detection of ceramide formation, 108 platelets were stimu-
lated for 30 min as described before and centrifuged at 1000g for
2 min and the pellet was incubated with 50 ll of 1:5 dilution of
mice antibody to human ceramide (Alexis, USA) in PBS with 1%
BSA for 1 h at 37 �C and 5% CO2. Then primary stained cells were
centrifuged at 1000g for 2 min and the pellet was stained with
50 ll of 1:50 dilution secondary goat anti-mouse IgG (BD Pharmin-
gen, Hamburg, Germany) for 20 min. The reaction was stopped
with 200 ll PBS and measured immediately in FACS analysis. The
mean fluorescence of the FITC-labeled secondary Ig was measured.

2.7. Statistical analysis

Data are provided as arithmetic means ± SEM, statistical analy-
sis was made by one-way ANOVA or student’s paired t-test, where
applicable.
3. Results

Hallmarks of apoptosis include cell shrinkage and cell mem-
brane scrambling with subsequent exposure of phosphatidylserine
at the cell surface. In order to identify phosphatidylserine exposing
platelets, phosphatidylserine at the platelet surface was detected
in flow cytometry from binding of fluorescent annexin V. As shown
in Fig. 1(A), a 30 min exposure to balhimycin resulted in annexin V
binding to the surface of human platelets. The effect of balhimycin
reached statistical significance at 1 lg/ml substance concentration.
Forward scatter was employed to estimate cell volume. As illus-
trated in Fig. 1(B), balhimycin exposure was followed by a decrease
of forward scatter reflecting cell shrinkage.

Further experiments were performed to identify mechanisms
possibly involved in the triggering of cell membrane scrambling
by balhimycin. In a first series of experiments, Fluo-3AM fluores-
cence was employed to determine cytosolic Ca2+ activity. As shown
in Fig. 2(A), a 30 min exposure of human platelets to balhimycin in-
creased Fluo-3AM fluorescence, an effect reaching statistical signif-
icance at >1 lg/ml balhimycin concentration.

In a second series of experiments, antibodies were used to deter-
mine ceramide formation. As illustrated in Fig. 2(B), balhimycin-
treatment was followed by ceramide formation, an effect reaching
statistical significance at P10 lg/ml balhimycin concentration.

In a third series of experiments DiOC6 fluorescence was utilized
to determine the effect of balhimycin on mitochondrial membrane
potential. As illustrated in Fig. 3(A), a 30 min exposure to



A

0

10

20

30

40

50

60

70

80

90

0 1 5 10 15 Ionomycin
1 µM 

Balhimycin (µg/ml)

Fl
uo

 3
-A

M
 M

ea
n 

Fl
uo

re
sc

en
ce

**
**

***

0

2

4

6

8

10

12

14

16

18

20

0 1 5 10 15 Ionomycin
1 µM

Balhimycin (µg/ml)

an
ti-

ce
ra

m
id

e 
FI

TC
 fl

uo
re

sc
en

ce

B

* *

*
*

DMSO

DMSO

Fig. 2. Effect of balhimycin on cytosolic Ca2+ activity and ceramide formation in
human platelets. (A) Arithmetic means ± SEM (n = 10) of Fluo3AM fluorescence in
FACS analysis reflecting calcium mobilisation of platelets following a 30 min
exposure to Tyrode buffer (2 mM CaCl2) in the absence (control) and presence of
balhimycin (1–15 lg/ml). ⁄p < 0.05, ⁄⁄p < 0.01 and ⁄⁄⁄p < 0.001 indicates statistically
significant difference compared to control. (B) Arithmetic means ± SEM (n = 11) of
IgG-FITC attached to anti-ceramide monoclonal Ig in FACS analysis reflecting
ceramide formation in platelets following a 30 min exposure to Tyrode buffer in the
absence (control) and presence of balhimycin (1–15 lg/ml). ⁄p < 0.05 shows
significant increase in ceramide (one-way ANOVA).
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Fig. 3. Effect of balhimycin on mitochondrial potential and caspase activation in
human platelets. (A) Arithmetic means ± SEM (n = 7) of DiOC6 fluorescence in FACS
analysis reflecting mitochondrial membrane potential of platelets following a
30 min exposure to Tyrode buffer in the absence (control) and presence of
balhimycin (1–15 lg/ml). ⁄p < 0.05, ⁄⁄p < 0.01 and ⁄⁄⁄p < 0.001 shows significant
decrease in mitochondrial membrane potential (one-way ANOVA). (B) Arithmetic
means ± SEM (n = 11) of the % human platelets expressing active caspase-3
following a 30 min exposure to Tyrode buffer (pH 7.4) 2 mM CaCl2 in the absence
(white bar) and presence (black bars) of balhimycin (1–15 lg/ml). ⁄⁄⁄p < 0.001
indicate statistically significant difference to value in the absence of balhimycin
(one-way ANOVA).
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balhimycin resulted in a decline of the mitochondrial potential, an
effect reaching statistical significance at 1 lg/ml balhimycin
concentration.

In a fourth series of experiments caspase-3 activity was esti-
mated with FACS. As illustrated in Fig. 3(B), a 30 min exposure to
balhimycin increased caspase-3 activity, an effect reaching statisti-
cal significance at P1 lg/ml balhimycin concentration.

Further experiments were performed to test, whether the ob-
served alterations were critically important for the triggering of
cell membrane scrambling by balhimycin.

To define the importance of caspase activation, platelets were
exposed to balhimycin in the presence and nominal absence of
the pancaspase inhibitor zVAD-FMK (1 lM). As illustrated in
Fig. 4(A), zVAD-FMK did not significantly blunt the increase of an-
nexin V binding following balhimycin exposure.

To define the role of Ca2+ entry, cell membrane scrambling was
determined following balhimycin treatment in the presence and
absence (0.5 mM EGTA) of extracellular CaCl2. As illustrated in
Fig. 4(B) and (C), removal of Ca2+ virtually abolished the cell mem-
brane scrambling (4B) and caspase-3 activation (4C) following
treatment of the platelets with 1, 5, 10 or 15 lg/ml balhimycin.

4. Discussion

The present study reveals that the glycopeptide balhimycin
from A. balhimycina triggers platelet apoptosis, which is character-
ized by cell shrinkage and cell membrane scrambling. Balhimycin
is similarly effective as vancomycin [11], the most widely used gly-
copeptide antibiotic [5–8,10].

The balhimycin induced platelet apoptosis was paralleled by in-
crease of cytosolic Ca2+ activity, formation of ceramide, depolariza-
tion of the mitochondria and activation of caspase-3. The
balhimycin-induced platelet apoptosis was abrogated in the ab-
sence of extracellular Ca2+. Accordingly, the presence of Ca2+ is a
prerequisite for the stimulation of caspase 3 and of cell membrane
scrambling. Ceramide has previously been shown to sensitize
erythrocytes to the scrambling effect of cytosolic Ca2+ [16,17].
Thus, Ca2+ and ceramide cooperate in the stimulation of caspase
activity and cell membrane scrambling following balhimycin treat-
ment. Cellular Ca2+ overload is a well known trigger of apoptosis in
a wide variety of cells [18–20].

Surprisingly, balhimycin induced platelet apoptosis was not sig-
nificantly blunted by the pancaspase inhibitor zVAD. Thus, Ca2+

triggers cell membrane scrambling in platelets at least in part by
mechanisms other than caspase-3 activation.

Consequences of platelet apoptosis may include thrombocyto-
penia, as phosphatidylserine exposing platelets are engulfed by
phagocytosing cells and are thus cleared from circulating blood.
Thrombocytopenia is a well known side effect of vancomycin
[21–23]. Whether or not balhimycin similarly decreases the
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Fig. 4. Influence of caspase inhibitor zVAD-FMK and Ca2+ removal on balhimycin-
induced phosphatidylserine exposure in human platelets. (A) Arithmetic means
± SEM (n = 5) of the percentage of human platelets binding annexin V Flous
following a 30 min exposure to Tyrode buffer (pH 7.4) in the absence (0, white bar)
and presence of 10–15 lg/ml balhimycin in the absence (black bars) and presence
(light grey bars) of 1 lM zVAD-FMK. ⁄⁄p < 0.01 and ⁄⁄⁄p < 0.001 indicate statistically
significant difference to value of respective controls (ANOVA). (B) Arithmetic
means ± SEM (n = 4) of the percentage of human platelets binding annexin V Fluos
following 30 min treatment with balhimycin in the presence (black bar) and
nominal absence (grey bar) of extracellular Ca2+. ⁄p < 0.05, ⁄⁄p < 0.01 and
⁄⁄⁄p < 0.001 indicate statistically significant difference to value of respective
controls (ANOVA) and #p < 0.05, ##p < 0.01 and ###p < 0.001 indicate statistically
significant difference to the presence of 2 mM CaCl2 (paired T test). (C) Arithmetic
means ± SEM (n = 4) of the percentage of human platelets with activated caspase-3
following 30 min treatment with balhimycin in the presence (black bar) and
absence (grey bar) of extra-cellular Ca2+. ⁄⁄⁄p < 0.001 indicate statistically signifi-
cant difference to value of respective control (ANOVA) and #p < 0.05, ##p < 0.01
denote statistically significant difference to the value of caspase-3 in 2 mM CaCl2

(paired t-test).
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number of circulating platelets remains to be shown. Platelet apop-
tosis is further expected to foster adhesion of platelets to endothe-
lial cells of the vascular wall, which may trigger hemostasis and
thrombosis [24,25].

In conclusion, balhimycin treatment of human blood platelets
increases cytosolic Ca2+ activity, stimulates ceramide formation,
activates caspase-3, depolarizes mitochondria and eventually leads
to cell shrinkage and cell membrane scrambling. The balhimycin
induced cell membrane scrambling requires the presence of Ca2+.
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