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pH-dependent Cytotoxicity of a Peptide Toxin, Tolaasin
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Tolaasin, a peptide toxin produced by Pseudomonas tolaasii, causes a serious disease on the culti-
vated mushrooms, known as brown blotch disease. Hemolysis using red blood cells was designed
to measure the cytotoxicity of tolaasin molecules. Since tolaasin has two amine groups near the C-
terminus, its membrane binding will be dependent on the ionic states of the amine groups. When
the tolaasin peptide was titrated, its titration curve indicated the presence of titratable amine(s) at
pH ranges from 7.0 to 9.6. When the pH-dependence of tolaasin-induced hemolysis was measured
at various pHs, hemolysis was more efficient at alkaline pHs. In order to measure the membrane
binding activity of tolaasin at different pHs, RBCs were incubated with tolaasin molecules for short
time periods and washed out with fresh buffer. Because of the tolaasin binding during the prein-
cubation period, fast hemolyses were observed at pH 8 or higher. These results imply that non-
charged or less positively charged states of tolaasin molecules easily bind to membrane and show

high hemolytic activity.

Key wor

R e

N B

A

& vER, @i dgRl 23, A
B ohel AggAEe R A9l
E T5o] gEXEA o0t §438) 718kl ik
7HeS WAl f-847 =& Fo4eE o
u, Hele) wE Al Fairie o)

dolx gl wAlel waye &

Pseudomonas2] P tolaasii® P agarici R Erwiniass A
o] It} 18 F P agaricie A7 EA)7) §7 &=
P tolaasire Al ZPES dogle FH ddaolthh A
+d Z2HEE P twlaasivt EY]S= tolaasino|§F EAdE] =
off ofsir WAe] AAA7F AAGe =M UERd), o] BT
& ESoTHAl, e, oAl Boll ZubEe doy,
Al HAY] FEF B4 AAE T 7P 23 A

o= HIFHJCP

I=]az3]

s

P tolaasii?] 3k 2P WA AAE e gaow
HBINT5L, 23S SAXTIAY, Al gk 2 bk

*Corresponding author
Phone: +82-43-261-2560; Fax: +82-43-271-5921
E-mail: ykkim10@chungbuk.ac.kr

257

ds: hemolysis, pore-forming toxin, Pseudomonas tolaasii, tolaasin

& W] AEAS Flo) WUTh Y, o] W Aap v
Re) FAE ARAT, AR ATt BrhsT ARA &2
2 gy ARl Anke AUl sl tor
Apex] AAZ AR 54 2w vk 2ukge) ope 2
A3k sl Azt A FEAE 5O o)RoiRL

Fo| uHoz A}
AgoE WAL 5

glom +9 2512 "k 2A] bacteriophage
457)% ScE? 22 A 59
ROt WAL AFORA okAle] ARgo] 8R1¥A) YT

Zhie 19150 A8 HaEom? 199139 tolaasing]
Harzh sk Tolaasing obvlnt 112 3% £4
# 1,985 Dag] lipodepsipeptide]™, N-Z-& B-hydroxyoctanoic
acid®} acylation®|o] AL C-2He] Iysined 149
D-allo-threonine®} lactoneS A8l sWFASHE 3l Y= ¥
e 29 22 ARtk o] 24 HMETE HAY A)
Futel] poreE FASNA ol 9 dRrIERY] o]FE FEdhaL
A=, Axee] AFeF wes Bl Mz HAE fd
é’l_]:]_.ll)

£ Ardede 7188 71eg o183l tolaasind]
QLA F 7] K o]2AE e A= AS H
W, tolaasindl] €3+ olald B AAg EA)12E WE
# "3l Jut. Tolaasin EAE C-AHEH9] lactone £l
5 719] amine”| Aol olE2] HatEel wet tolaasin®]

o
A2,

al

2l
He

.
<)
[e]
&

=

=
g 72



258 Wi - Heh -

%71

9% S4o] Yol Zolmg, B ATeli pH Wl o
£ tolaasin®] AT 2L SIVHE

459 22 L B#. P rolaasii 6264 = 2] 73
H ZelwAlelA Cho T W wet EelEd sk
7reFs] Meshd, Z29E MAlY] 2krAE dage] ¥ B4
g %, o] dgAE slAEte] oF 200w PAF(Bacto-peptone
10 g, Bacto-tryptone 10g, K,HPO, 15g, MgSO, 15g, glycerol
10m/, agar 15g per liter) FITUR| 9o T La}a7, 25°C0) A
127 wj<gslel WMt AT o]HA A Al FollA
FBAEe FFE et ANAE A 2 walRE
e HAS B WAdE W B0 Aasty 548 &
ASHATHY Bk M-S PAF AAWIA 80%2}t glycerol
20%%E e AR 1S mpl] HEAIA -80°CollA] HAE
Aot

APT £, RS HE JiEE] giguogRy ¥
F, G et glass bead’} ©31 A FebAI] $71%, oF A
7F B A&om wHkEl fibring: A AT AojH Hel
S 4CoM BHsilon, HBS ¢H3el(150 mM NaCl, 5mM
KCl, 5mM HEPES, 1 mM MgSO,, pH 7.4)°.2 109 3418t
of AMgslATh. MFT e oF 377 AR AMEEoH,
oA HBS €3ddr Q4Esty sug 483 AXE
= AIFsIA

Tolaasin®] &) ¥ AA. Tolaasing +5E#E Cho 59
WMo R ol FoHtt. s MestW, P orolaasii A5E
PAF Sauj=]e]l HEaied 184)7F Xuhijokel 3, A4He)5)]
Aatg AASEL wkdS At wYgHL 30% ammonium
sulfateE 718t 4°CellA] A7 E9F AX]e & SW 28 rotor
(Beckman Instruments, Inc., Palo Alto, CA, USAYS o]&-3}
20,000 rpm(60,000X g)oll A 1A1ZF B9 24 AAER3I T
AAoE e crude tolaasin> HBS oA 4A17F F298}
o] glass-Teflon homogenizer2 #2343+ &, Sephadex G-75%
&A% coimnollA ] ST LojRl B2 29 B
ZF=A(U-2000, Hitachi Ltd., Tokyo)E ©]-&38td 220 nmo)

FPolN FHEE 23, 4TS olgW VYL B
SFA08, tolaasin B 2 2YL 25w Ak,
$3YY 34, Tolaasin®] SIS Rainey 579} ol
et A9 AYTE olgslel ST $RYY 240l A}
8% HBTE ARl FEE HBS olow 108 3]
IR, oA A W §oo 1%} HES Foiskn
SE2AH SAA 1% HAYTE 37°CIA 302 oo BF &
HA7]E tolaasin®] FEE [ hemolytic unitHUY.E A5}
AMgslnh. 88E8AL spectrophotometerS AFR-Etd 600 nm
M F¥= WHslE S48t pH f9 pHER t=2A &
H8k GAS ARGEIATE WA pH 49} 5 Ede AelAgs
(130mM NaCl, 5mM KCI, 1mM MgSO)E 71E0Z &jo]
24 S dE 30mMEA FHEAJL, pH 63 7 30mM
HEPES $&9°02 pH 8% 9= 30mM Tris 92002 Az

of

ool

i)

e

3I3t). Tolaasin®] 2GTAe L4828 tolaasin HE|= &
Z7F 153 mg/mil € 10miE HCLE pH 27K 233 &,
0.5N NaOH &5 71319 pH 12714 HA 31t

2 =

LA pH AFA. Tolaasin EAh= G-I 190 F
79 amine’1 S 7t Qo] §H9] pHel| mat Bkl ool
e}, T3, tolaasin®] AYARF Ak SJE|=e] Ak A
ste] FRol| met HE 5 YO F, tolaasin B9 pH-9]
24 AP sk glo) pHE WsA7HA tolaasin &
o) AL 248 tHFig. 1). 57823 tolaasin &4
o] FEE 0.77mMelH, o] &ie] pHE IN HCIE S ¥+,
0.5N NaOHZ HA3I3rt. TolaasingU2 pH 7.0-9.6 Ale]ol
A pH7} ZA WEsA] G AFRe Hod, o] FolA
amine”]2] 317} YoIHO R tolaasing] P} P ] ¥}
H4e ¢ & Asith

Tolaasin®] AZ54 H7le AYLE 0|88 8884 24
o2 PP S8 tolaasine]l A3 A7 9} o]
o W2 600 nmollM &% 7HAS A7 we)l SPgo2H
o]FoAt}. Tolaasin®] #4dol VA= pHY F3Fe A3V
Q)at] wre-E=ole] pHE 404 97RR] WBIAZ o1, A7k
W tolaasin®] §EEALE T4 pHolA Hh AHa dzie]
4 27094 o ZA JEstTHFig. 2A). ©] Z3E 50% &
GAo] dojihz A8 Ty, FHoE pHell Wt =AJSIH, 4
o] pHolM 8388 7 =93, pH 4-59F pH 8-991A41 Ty©!
oz g8o] Wy e o4 4 JUATKHFig. 2B).

AP35 A7V 27N SEEAY S B2 tolaasin®
235710 oJEiA AHEleld ¢ lou, ARSE AT F
44 wglef oM E Yepd 4= eBg 7t pHollA tolaasin
A7V g2 R Ao §8ARE SHFOEA
3 2AA Y] M-S S AeA 43NS pH 42
FRE o, 8] §82 oF 10%E=E Yo, pH 59
T oF 10% AFE dojuks AL A5 (Fig. 3). 5, 4t
Z7NME A7 B8 tolaasin®] F-5-¢F #AIGLO]

ox

U o
O

[ rlo

R

A
A

(oW

12+

10

pH

i 1

0.0 0.2 0.4 06 08
0.5 N NaOH (mL)

Fig. 1. Titration of tolaasin peptide. Solution containing purified
tolaasin molecules was adjusted to pH 2 and titrated with 0.5 N
NaOH.
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Fig. 2. pH-dependence of hemolysis. (A) Time courses of hemolysis
were obtained at various pHs in the presence of 1 HU tolaasin. (B) Ts,
vs. pH. Ty, time for 50% hemolysis, was measured from the data
shown in A.
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Fig. 3. Effect of pH on the stability of erythrocytes. To measure the
stability of erythrocytes, cells were incubated at various pHs and
hemolysis was measured without tolaasin.
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Fig. 4. Time-dependence of tolaasin binding. (A) Erythrocytes were
incubated with tolaasin at pH 7 and 37°C, and cells were harvested by
centrifugation at the indicated time. Cells were resuspended with fresh
buffer and hemolyses were measured. (B) Ty, vs. preincubation time.
Tso was measured from the data shown in A.
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Fig. 5. Effects of preincubation on Ts, at various pHs. Tss were
measured at pHs 7, 8 and 9 after preincubations of the indicated
periods.
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