Korean. J. Toxicol.

Vol. 6, No. 1, pp. 109-119, 1990

College of Pharmacy, Kyung Hee University, Hoegi-Dong 1, Dongdaemun-Ku, Seoul, Korea

1990 Spring Seminar
Korean Soc. Toxicol.

TOXIC MECHANISM OF Ro09-0198 ISOLATED
FROM STREPTOVERTICILLIUM

Se-Young Choung

(Received June 20, 1990}
(Accepted June 30, 1990)

Ro 09-01982| SdWd 7|%of| et A7

B Ao

A8l sta epstoyet

ABSTRACT: Ro09-0198, a cyclic peptide isolated from culture
filtrates of Streptoverticillium griseoverticillatum, induced lysis of
erythrocytes. Ro-09-0198-induced hemolysis was temperature-
dependent and the sensitivity of hemolysis differed greatly among
animal species. Preincubation of the peptide with phosphatidyl-
ethanolamine reduced the hemolytic activity, whereas other
phospholipids present in erythrocytes in nature had no effect. A
study of the structural requirements on phosphatidylethanolami-
ne necessary for interaction with the peptide indicates that Ro09-
0198 recognizes strictly a particular chemical structure of phos-
phatidylethanolamine : dialkylphosphoethanolamine as well as 1-
acylglycerophosphoethanolamine showed the same inhibitory ef-
fect on hemolysis induced by Ro09-0198 as diacylphosphatidyl-
ethanolamine, whereas phosphoethanolamine gave no inhibitory
effect. Neither phosphatidyl-N-monomethylethanolamine nor
alkylphosphopropanolamine had an inhibitory effect. Proton re-
sonances of the peptide were observed in dimethyl sulfoxide solu-
tion in the presence of 1-dodecanoyl-sn-glycerophosphoethanol-
amine. This peptide caused permeability increase and aggrega-
tion of liposomes containing phosphatidylethanolamine. A gly-
cerol backbone and a primary amino group of phosphatidyletha-
nolamine are necessary for interaction with Ro09-0198 to cause
membrane damage. Ro09-0198 induced a selective permeability
change on liposomes. Glucose and umbelliferyl phosphate were
effluxed significantly, but sucrose was only slightly permeable and
inulin could not be released. Platelet aggregation and serotonin
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release simultaneously induced by Ro09-0198. Addition of pep-
tide to rat platelet, loaded with the fluorescent Ca”" chelator
quin-2, caused immediate rise in cytosolic free Ca™ " to liposomal
membrane containing phosphatidylethanolamine was observed
dose dependently.

Keywords: Ro09-0198, Streptoverticillium griseoverticillatum,
hemolysis, phosphatidylethanolamine, platelet aggregation,
serotonin, quin-2, Ca” " influx.
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Fig. 1. Temperature dependence of Ro09-0198-induced hemolysis of erythrocytes from various animal

species. Erythrocytes (1 x 107 cells / mi) from rat (A}, rabbit (B), man (C), cow (D) or sheep (E) were in-
cubated with 5 uM of Ro09-0198 at 0. 15, 25 or 37°C.
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Fig. 2. Hemolysis of human erythrocytes by Ro09-0198. Dose-response {A).
Human erythrocytes (1 x 107 cells / ml) were incubated with various concentra-
tions of Ro()9-0198 at 37 °C for 30 min. Time-course (B). Erythrocytes {1 x 107
cell /ml) were incubated with 5£M of Ro09-0198 at 37%C and the percentage

of hemolysis was measured at various times.
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Fig. 3. Release of markers from liposomes induced by Ro09-0198. Liposomes
composed of egg-yolk phosphatidylcholine, egg-yolk phosphatidylethanolami-
ne, dicetyl phosphate and cholesterol {molar ratio, 0.75:0.25:0.1:1.0) were
swollen in 0.3 M glucose containing [*H]glucase { e ), umbelliferyl phosphate
{0), [*Clsucrose (&) or PHinulin (&), and untraped markers were removed.
The liposomes (10 #M as phospholipids) were incubated with various amounts
of Ro09-0198 for 30 min at 37°C.
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Fig. 4. ESR spectra of liposomes containing 12SL-phosphatidylethanolamine
(A) or 12SL-phosphatidylcholine (B) in the presence or absence of Ro09-0198.
(A) Liposomes were prepared from egg-yolk phosphatidylcholine, egg-yolk
phosphatidylethanolamine, 12SL-phosphatidylethanolamine, dicetyl phospha-
te and cholesterol (molar ratio, 5:5:0.1::1:10). The liposomes (1 mM as phos-
pholipids) were incubated without Ro09-0198 (a) or with 0.5 mM Ro09-0198
(b) at 372C for 30 min. (B) Liposomes were prepared from egg-yolk phosphati-
dylcholine, egg-yolk phosphatidylethanolamine, 12SL-phosphatidylcholin,
dicetyl phosphate and cholesterol (molar ratio, 5:5:0.1:1:10). The liposomes (1
mM as phospholipids) were incubated without Ro09-0198 (a) or with 0.5 mM
Ro009-0198 (b) at 372C for 30 min.

Ro09-0198

ﬂ Phospholipid

T‘Y PE Glucose

Fig. 5. Model figure of pore formation on liposomal membrane.
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Table 1. Inhibitory effects of various phospholipids on hemolysis induced by

Ro09-0198
Phospholipids Origin 50% hemolysis
Phosphatidylcholine Egg yolk >125
Phosphatidylethanolamine Egg yolk 0.5
E.coli 0.5
Cardiolipin Bovine heart >125
Phosphatidic acid Egg york >125
Phosphatidylinositol Yeast >125
Phosphatidylserine Bovine brain >125
Sphingomyelin Bovine brain >125

R009-0198 (0.86 nmol) preincubated with various amounts of phospholipid
suspensions at 37 2C for 30 min. Human erythrocytes (1 x 107 cells / mi) label-
ed with *’Cr were added to the reaction mixture and incubated at 372C for 30
min.

Table 2. Inhibitory effects of structural analogs of phosphatidylethanolamine
on hemolysis induced by Ro09-0198

Structural analog 50% hemolysis
Diacylphosphatidylethanolamine 0.45
Dialkylphosphatidylethanolamine 0.45
1-Acylglycerophosphoethanolamine 0.44
Alkylphosphoethanolamine 0.54
Alkylphosphopropanolamine > 25
Phosphatidyl-N-monomethylethanolamine >125
Stearylamine >125

Liposomes were prepared from a structural analog of phosphatidylethanolami-
ne, egg-yolk phosphatidylcholine, dicetylphosphate and cholesterol (molar ra-
tio, 0.25:0.75:0.1:1.0). Ro09-0198 (0.86 nmol) was preincubated with various
amounts of these liposomes at 372C for 30 min, and the hemolytic activities
against human erythrocytes (1 x 107 cells/ml) by the reaction mixtures were
measured at 37 2C for 30 min. Values are amounts (nmol) required for 50% in-
hibition of hemolysis.



116

Table 3. Chemical shifts (ppm) of Ro09-0198 in the absence (roman) and in the presence (italic) of
C12-LPE and chemical shifts of LPE in the absence (roman) and in the presence (italic) of Ro09-0198 in
{CH3) ,50-d, Solution at 45%C

amino acid N-H CH CmH others
Ala(S)? a 4.17 3.72, 3.06
a 4.19 3.70, 3.05
Arg® 9.92 4.70 1.77, 1.47 1.64, 1.48 (CH)
a 4.72 1.74, 1.46 1.59, 1.45
3.09, 3.09 (CsH)
3.08, 3.08
8.46 (N&H)
8.38
Gln? 8.51 5.22 1.92, 1.92 2.06, 2.06 (C7H)
8.53 5.26 1.95,1.95 2.01, 2.01
7.03, 6.56 (NH,)
7.04, 6.55
Als(S)* 8.06 4.90 3.58, 2.53
7.96 5.07 3.59, 2.36
Ala(S)® 8.93 4.47 2.53, 2.35
8.96 4.12 2.54, 2.19
Ala(N)® 10.90 4.65 3.03, 2.96
11.27 451 3.11, 2.94
Phe’ 8.70 4.51 3.14, 2.84 b (C2,6H)
7.50 4.97 3.00, 2.70 7.08
Gly® 7.43 4.08, 4.08
8.91 5.19, 3.61
Pro® 3.95 1.90, 1.72 2.05, 1.89 (CYH)
4.05 1.78, 1.01 1.66, 1.66
3.72, 3.42 (CoH)
3.84, 3.35
Phe® 8.92 3.97 2.99, 2.99 7.09 (C2,6H)
8.78 4.77 3.35, 2.65 7.21
Abu(S)1! 7.86 4.49 3.25 1.16 {methyl)
9.37 4.37 3.20 0.73
Phe!? 8.21 4.66 3.36, 3.00
9.00 4.61 3.01, 2.94
Val3 7.38 4.23 1.78 0.98, 0.85
(methyt)
8.98 3.84 2.53 1.07, 0.86
Ala(S) 1 8.81 3.30 2.84, 2.59
8.81 3.20 2.75, 2.61
HO-Asp!® 7.42 4.58 4.24 3.60 (OH)
7.46 4.81 4.75 6.08
Gly'® 7.35 4.14, 4.00
7.12 4.09, 4.00
Asn'’ 8.31 5.22 2.58, 2.58 7.39, 6.80 (NH,)
8.31 5.21 2.59, 2.59 7.42, 6.78
Abu(S)# 7.58 4.40 3.50 1.23 (methyl)
7.63 4.38 3.49 1.23
Lys'® 8.34 3.79 1.77, 1.26 1.22, 1.03 (CYH)

8.42 3.67 1.83.1.13 0.98. 0.98
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amino acid N-H CH CmH others
147, 1.13 (Cs)
1.63, 1.16
2.73,2.62 (C eH)
2.74, 2.64
a, a (N eH)
9.61, 7.97
LPE 2.30 (CY) 4.01, 3.96 (C1H,0) 3.69, 3.69
{C3H,0P)
2.32 4.19, 4.06 3.70, 3.70
1.54 (C8) 3.77 (C2H) 2.98, 2.98 (CH,N)
1.55 3.97 291, 2.80
1.27 (CY) 5.69 (C20H) 3.87, 3.87
(POCH,)
1.27 5.25 4.65, 4.03
0.87 (methyl) 8.30 (NH
0.87 8.13

*Not observed. ®Not determined.

Table 4. Ro09-0198 induced platelets activation from various animal species

R°_09'0198 10-°M 5x10"°M 10°M control
Species

* 57% 15% 3% 2%
Rat * 85% 40% 20% —
A 5 min 7 min 7 min —
* 39% 17% 2% 2%
Rabbit * 60% 10% 15% —
¥re 7 min 8 min 10 min —
* 17% 9% 3% 1%
Human ' 40% 20% 3% —_
e 1 min 1 min 3 min —

5 X 108 platelets from various animal species were incubated with Ro09-0198 at
37°C. ‘
*; serotonin release
* *; relative light transmittance
***; lag time
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Fig. 6. Rat platelets activation by Ro09-0198 5 x 10® rat platelets were incu-
bated with 10°°M Ro09-0198 at 37°C.
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Fig. 7. Ca* " uptake of rat platelets induced by Ro09-0198. Response of quin-

2 loaded rat platelets to addition of Ro09-0198 (10 M) was calculated from the
ratio F/F .
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Fig. 8. Ca*"* uptake of rat platelets induced by Ro09-0198 (dose response)
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Fig. 9. Release of “°Ca from liposomes induced by Ro09-0198. Liposomes
composed of egg-yolk phosphatidyl choline, egg-yolk phosphatidylethanolami-
ne, dicetylphosphate and cholesterol {molar ratio, 0.75:0.25:0.1:1.0) were
swollen in 0.3M glucose containing **Ca.
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