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Abstract Brown blotch disease of oyster mushrooms is caused
by tolaasin and its analog peptide toxins which are produced by
Pseudomonas tolaasii. Tolaasin peptides form pores in the plasma
membrane and destroy the fruiting body structure of mushroom.
Lysis of red blood cells, hemolysis, can be occurred by cytotoxic
activity of tolaasin. The hemolytic activity of tolaasin is inhibited
by metal ions, such as Zn?" and Ni?*. When Gadolinium ion
was added, a biphasic effect was observed on tolaasin-induced
hemolysis, an increase in hemolysis at submillimolar concentrations
and an inhibition at millimolar concentrations. The mechanism of
gadolinium ion-induced inhibition of tolaasin activity may not be
similar to those of the inhibitions by other metal ions. Since
gadolinium ion has been reported to change a lateral pressure of
lipid membrane by binding to the negative charges of membrane
lipids, it may not directly work on the tolaasin channel gating, but
rather decrease the stability of tolaasin channel by increasing
firmness of membrane.
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P tolaasii 6264 5 Pseudomonas agar F (MgSO, 7H,0
1.5g, K,HPO,-3H,O 1.5g, Bacto-peptone 10 g, Bacto-tryptone
10 g, glycerol 10mL per liter) QA Hi=|ol HE3te] wjsst
S FAE AAD s A 30%2] ammonium  sulfateS
78kl 4°collA AXgE 3, 20,000 rpm (50,000x )l A 1A]17F
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ARgsiATh EEMle] &EElE Cho 520191 el wet
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o 483t

HAZAFEAA Y (Pitting test)
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A& square dishell o} DE33Tt. 25 °Coll] 122407+ &
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P tolaasii 6264 752 AEEAS 24817 9leld Fo| g
Z o] g3lith. 88 A AMES A8TE AR AR
o HEPES-buffered saline (150 mM NaCl, 5SmM KCI, 5mM
HEPES, 1 mM MgSO,, pH 7.4) &do= [0v] 3]4&}3i,
oJAL FHF Wk &0 10%7} H== X5t £884
ZA) 37°CNA 1%2] AEFE 302 olujd] =¥ &34
E E2H19 F5E2 1 hemolytic unit (HU)E Adle] AR5
ot &¥&8A4 L UVhis spectrophotometer (U-2000, Hitachi,
Tokyo)2 AM-3td 600 nmollA &35 W3tz =430}, Zn®
9} Ni**, Mg®*, AP*S HEPES bufferd] &al8l310n, Gd*e
Sole &g JEL =] f5td[17] TR o HEW
SE&A9 10%7} H=S Hrksted g3t

iR R

ot ol o3 SFEA A
Folo o3t Eepale] SdBA WHIE Felsh] sl o
FE 27Kz, N, Mg) 2 37HAI, GdY) el A48
T &Nl AEste] IS SFIAThFig. 1). A7k &
ol2EY AYErEE BT 10mME SUsH ke, 37°C
oA 307 wgSt & AT B e FEE MskE &
stk 71 Aol BaE 27F ol Zn*tel Ni¥,
Mg*e Eepilo] 9)g 888 A|slH, o]5& Cho S[5]¢
Aol AT 7t S EE Adsison,
NiZ'Zh Mg o] F=olA 50% A5 &3] a4=2 B

. B3], 37F o9l AP GRS EEhile 8L
90% ©)d AHsllshs 2102 AZEA, AP §AxAe] &
FE s g8 93 FHE HIE 2Hsl| oA e
o] Al I =] oHALh

Egpilel 8840 ek Gd'el k= RaE nprt flod,
o2 #elalr] 9Jste] 100 pMelA 10 mM7HA] Gd*el &S
771 BERle] 88 Wels gk WA, HY
ToF Gd¥RF A s x2ddelA G 1 uM-100 mMe] &
TollA HYEFo) FFe T4 LUTHAEHAA), vHE ET2]
I AP, G A A Ag, GdY] sErt BlaA v
2 100 uMoll A §83Ao] Gd*He EFBHA 2 IR
o} ok S7ksle] §3o)] wEA YA, G FEIF 5
71erE BEle) ofgt 830] ol Egpilel EAo] Hx
Aoz Aa=EAUrkFig. 24). Gd*Y A &A= 200 uM 1A
o] FxolA YeR] AlFele] 1 mM ool Eefale] AlE
=48 &3] Asllsidnh. Eetalel ofst £3EAHE 50% A
A;ATE = K B2 F 250 yME = = th(Fig. 2B).
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Fig. 1 Inhibition of tolaasin-induced hemolysis by various multivalent
cations. Hemolysis was induced by tolaasin. Inhibitions of hemolysis
were measured with cations (Zn?*, NiZ*, AP, Mg?", Gd*") at 10 mM
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Fig. 2 Effect of Gd** on tolaasin-induced hemolysis. (A) Effects of Gd**
at the concentrations from 100 uM to 10 mM. (B) Dose response curve
of Gd* on the inhibition of tolaasin-induced hemolysis
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ke FAebde] AEse wole 2ukdds HAzZ 9
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£ HAl dodel] A wbgo] ubjo] kR AY YEhA] oF
gtk WA, 1mM BEY G XF e Aol 2y o)
okglE|lom, smMe Gd** AHZAldle ZARtgAdo] ZA oA
He AL FsithFig 3B).
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Fig. 3 Inhibition of tolaasin-induced blotch formation by Gd**. (A) Effect
of Gd*" only. C;: culture media. (B) Tolaasin-induced blotch formation in
the presence of various concentrations of Gd**. C,: tolaasin, 1: 0.1 mM
Gd&*, 2: 1 mM Gd*, 3: 5 mM Gd&**
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Fig. 4 Reversible effect of Gd*" and Zn?" on tolaasin-induced hemolysis.
Hemolyses were induced with 1 HU tolaasin, tolaasin plus EDTA,

tolaasin plus 1 mM Gd**, and tolaasin plus 0.5mM Zn**. In the

experiments with Zn** and Gd**, EDTA was added after 60 min ()
inhibition
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Fig. 5 Inhibition of pre-formed tolaasin channel by Gd** and Zn*". (A)
Dose-dependent inhibitions of tolaasin-induced hemolysis by PEG 2000.
(B) Tolaasin was added in the presence of PEG 2000. After removal of
PEG 2000 at 30 min by centrifugation, RBCs were resuspended in the
solution containing the indicated concentrations of Gd** and Zn*"
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HEPA7|E, 55 ool &g g8eAdo] AFEJTH(Fig. 5B).
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o3l AaEt. FEEUe ol HUtelnS ul, Egtile] 9
g 882804 1mM olate] FrollAe &82H8o] Frket
I 2 oPde] FRAAME AdEE ol &t vEsTh 7t
EYs o]0l 93t EFil A 713 T2 YolE
of ok A7z thE Ao HRlt 7EEvR ol &
s zhe A B Agste] At S48 WA=
o Hisoe], FEpil o]l2F2Y AR Y s
Hrps v 72 dishs S7HIAA ol gist 8R4l oS
29| MAE FAANTE AeE BRI

Keywords 7FEg|Us - ¥ 84 - vkt S22k - =2kl
A 2 o] = 20179 % AF-GLE )] A0 R = payee]

A Qg o} e 7] 2AFAFI 9 (No. 2017R1D1A3B03032718).

References

1. Bellettini MB, Fiorda FA, Maieves HA, Teixeira GL, Avila S, Hornung
PS, Juinor AM, Ribani RH (2016) Factors affecting mushroom Pleurotus

10.

11.

15.

16.

17.

18.

20.

spp. Saudi J Biol Sci 26: 633-646. doi: 10.1016/j.5jbs.2016.12.005

. Gonzalez A, Gonzalez-Varela G, Gea F (2009) Brown blotch caused by

Pseudomonas tolaasii on cultivated Pleurotus eryngii in Spain. Plant Dis
93: 667. doi: 10.1094/PDIS-93-6-0667B

. Han HS, Jhune CS, Cheong JC, Oh JA, Kong WS, Cha JS, Lee CJ

(2012) Occurrence of black rot of cultivated mushrooms (Flammulina
velutipes) caused by Pseudomonas tolaasii in Korea. Eur J Plant Pathol
133: 527-535

. Cho KH, Kim YK (2003) Two types of ion channel formation of

tolaasin, a Pseudomonas peptide toxin. FEMS Microbiol Lett 221: 221—
226. doi: 10.1016/S0378-1097(03)00182-4

. Cho KH, Kim ST, Kim YK (2006) Inhibitory effect of Zn>* on tolaasin-

induced hemolysis. J Appl Biol Chem 49: 281-286

. Choi TK, Wang HS, Kim YK (2009) Inhibitory effect of Ni** on the

tolaasin-induced hemolysis. J Appl Biol Chem 52: 28-32. doi: 10.3839/
jabc.2009.005

. Millet B, Pickard BG (1988) Gadolinium ion is an inhibitor suitable for

testing the putative role of stretch-activated ion channels in geotropism
and thigmotropism. Biophys J 53: 115a

. Zhou XL, Stumpf MA, Hoch HC, Kung C (1991) A mechanosensitive

channel in whole cells and in membrane patches of the fungus
Uromyces. Science 253: 1415-1417. doi: 10.1126/science.1716786

. Dedkova K, Kuznikova L, Pavelek L, Matejova K, Kupkova J, Cech

Barabaszova K, Vana R, Burda J, Vicek J, Cvejn D, Kukutschova J
(2017) Daylight induced antibacterial activity of gadolinium oxide,
samarium oxide and erbium oxide nanoparticles and their aquatic
toxicity. Mater Chem Phys 197: 226-235. doi: 10.1016/j.matchemphys.
2017.05.039

Zandieh A, Payabvash S, Pasalar P, Morteza A, Zandieh B, Tavangar
SM, Dehpour AR (2011) Gadolinium chloride, a Kupffer cell inhibitor,
attenuates hepatic injury in a rat model of chronic cholestasis. Hum Exp
Toxicol 30: 1804—-1810. doi: 10.1177/0960327111400106

Jones C, Badger SA, Hoper M, Parks RW, Diamond T, Taylor MA
(2013) Hepatic cytokine response can be modulated using the Kupffer
cell blocker gadolinium chloride in obstructive jaundice. Int J Surg 11:
46-51. doi: 10.1016/].ijsu.2012.11.008

Yang XC, Sachs F (1989) Block of stretch-activated ion channels in
Xenopus oocytes by gadolinium and calcium ions. Science 243:1068—
1071. doi: 10.1126/science.2466333

Zhang H, Walcott GP, Rogers JM (2018) Effects of gadolinium on
cardiac mechanosensitivity in whole isolated swine hearts. Sci Rep 8:
10506

Lehrmann R, Seelig J (1994) Adsorption of Ca®* and La® to bilayer
membranes: measurement of the adsorption enthalpy and binding
constant with titration calorimetry. Biochim Biophys Acta 1189: 89-95.
doi: 10.1016/0005-2736(94)90284-4

Li X, Zhang Y, Ni J, Chen J, Hwang F (1994) Effect of lanthanide ions
on the phase behavior of dipalmitoylphosphatidylcholine multilamellar
liposomes. J Inorg Biochem 53: 139-149. doi: 10.1016/0162-0134(94)
85028-3

Yu A, Ermakov AZ, Averbakh VI, Lobyshev VI, Sukharev SI (1996)
Effects of gadolinium on electrostatic and thermodynamic properties of
lipid membranes. Biophys J 70: A96

Caldwell RA, Clemo HF, Baumgarten CM (1998) Using gadolinium to
identify stretch-activated channels: Technical considerations. Am J
Physiol 275: C619-621. doi: 10.1152/ajpcell.1998.275.2.C619

Sutresno A, Haryanto F, Viridi S, Arif I (2020) Influence blocking by
gadolinium in calcium diffusion on synapse model: A monte carlo
simulation study. J Biomed Phys Eng 10: 251-260. doi: 10.31661/
jbpe.v0i0.1155

Elinder F, Arhem P (1994) Effects of gadolinium on ion channels in the
myelinated axon of Xenopus laevis: Four sites of action. Biophys J 67:
71-83. doi: 10.1016/S0006-3495(94)80456-4

Cho KH, Kim ST, Kim YK (2007) Purification of a pore-forming
peptide toxin, tolaasin, produced by Pseudomonas tolaasii 6264. J



374

J Appl Biol Chem (2021) 64(4), 369-374

21.

22.

Biochem Mol Biol 40: 113—-118. doi: 10.5483/BMBRep.2007.40.1.113
Gow NAR, Latge JP, Munro CA (2017) The fungal cell wall: Structure,
biosynthesis, and function. Microbiol Spectrum 5: FUNK-0035-2016.
doi: 10.1128/microbiolspec. FUNK-0035-2016

Wei S, Chi T, Meng A, Chen C, An T, Wang M, Zhang Y (2013)
Characteristics of hemolytic activity induced by skin secretions of the

23.

frog Kaloula pulchra hainana. J Venom Anim Toxins Incl Trop Dis 9: 9
Hajduczok G, Chapleau MW, Ferlic RJ, Mao HZ, Abboud FM (1994)
Gadolinium inhibits mechanoelectrical transduction in rabbit carotid
baroreceptors. Implication of stretch-activated channels. J Clin Invest 94:
2392-2396



