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Cytological and physiological studies of the IBP effecis on
Pyicularia oryzae Cav. (1) The effects on hyphal mass®

Hiroshi 1sHizakr, Isser Kobavasii®® and Hitoshi Kusos

Summary

The 1BP effects on hyphal mass of Perledarie erpsae Coy, were studied,  Preliminany 1o the axploration
of the |BP effects, the IRP-tolerant isolate, designated ng PTAY, was obtnined through the selection of the
toberant coleny which had ariginnted from proleplasts of an IBP-sensitive isolale P2, The growth of
|!|}|-'phﬂ[ taca ol P2 wad perfectly inhibited on FDA and in Yogel liguid mediom, respsctively, ai 40 and
20 ppm, whereas that of PTH3 wag nol even a1 40 ppm. The appressorium formation af P2 conidia grown
on cellophone film was perfectly Inhibited at 5 ppin, whibs that of PTEY was not peclecily even al 50 ppm
nlthough it was suppressed more with the eregsed concentialiong of IBP.  When 10 ppim [RP was adided
to the liquid media, where young hyphal colonles of P2 were inculbaded, at the onsel of mneubation, e
dry weight of colonies never increased during the 96 b incubation. However, nddition of 10 ppm 1BP
24 br after the onsed of incubation resulted in prolongation of the lag phase.  On the other hand, additbon
of TRP at 48 nnd T2 hr did not affect the growth of hyphal mass at all.  The initial 4 hr treatment of hyphal
muss of P2 with 10 ppm during incubation suppressed the inerease of dry weight of hyphae prominently.
It was alse Found that young hyphae oblained from the colony margin of P2 wers more sensitive to IBP
than those obtained from the infermediate and central region of the colony, Al these datn sugmesi that
the TBP effécts on P, orvzae might be lorgely dependent on apes of hyphae, young hyphae bzing highly
sensitive to 18P,

Iniroduction

Vorious modes of action have been reporied on IBP (8-benzyl 0, O-diisopropy] phosphorothioste:
commercial name Kitzin Pl Maedn ev ol found that 25-200 ppm of IBP inhibited the incorporation of
glucosamine1="*C inte the cell wall of Pyricwloria orpzme and considered that o mode of action of 1BP
might be the mbibition of chitin synthesis.  Akatsuka ot al."' presented the idea that the contrel of P,
orpzae by IBP resulted in the inhibition of phosphatidylcholine binsynthesis, bassd on their finding that
50 ppm |BP markedly inhibdted the incorportion of methionine-methyl-"*C into phasphaolipids, epecially
phosphatidyicholine,  Smnilarly, Kodama e al*! reparied that the specific inhitation of convarsion from
phosphatkdyleibanolandine (o phosphatidyicholine by the transmethylation of sadenosylmethionine might
be regarded as one of the modes of action of 1BP,  Kdller ef ol concluded that the inbbitlon of cutinase
which was significant n the penetration process might be closely associated with the 1BP affect.

According to Araki and Miyag®, myoelium growth and spoce germination of P, orpees was Inhibived,
respectively, at 10 and 20 ppm [P, They abo showed that 2 ppm [P inhibited almost parfectly the
penetration of F. aryzoe on callophane films and clce shealhs,

Primarily we wondared why the effective concenteations of 1BP (o F, arjeee were so dilferent betwean
the data obtained by biological and biochemical experiments.  Thus, we designed a serles of experiments
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o elucidate the TBP effects on P. srvzee by cytedogical ond physiologieal means in move datail.  First, o
series of the experiments was done Lo compare the [P effecis at the levels al hypbal mass, single hypha and
profoplast isolnied from hyphas,  In this paper, the effects of 1BP on the hyplsal mass are deseribed as the
first siep.

Maierinls and methods

Test fumgas amd preparation of hypha and conidivm smspension:  Peefcalarin oryzae Cav, isolate P2 (sensilive
to 1BP) was used throughout the experiments.  The best fungus was grown on PDA slants at 25°C for 7-
10 days. The hypha suspension was prepansd by adding 5 ml of sierfiized delonized water o the slan,
fallowed by stirring the surface of mycelial mat with o steeilized platnom loop.  To albow the fungas o
form conidia, 0.5 m/ of the above hypha suspension was added to the V-8 juice-ngar medium (V-8 juice,
250 'y GO0, 3 g delonized water, 730 mi'; agar, 15 g) in Petri dishes and expanded uniformly on the
reediurm surface, followed by the Incubation at 23°C for 5 days, Ten mi of sterilized water were added to
the mediwm and the enyeellal mot was stirred with o brush to relepse conidin, The conidium suspension was
propared by the filieation of the above suspension of conidin and hyphae with 3 sheets of cheese cloth (o
eliminate Mragrented hyphae from the suspension,  The density of conidia in the suspension wis adjested
at approximately 410" conidia/md with sferilized water,

Test chemical: IBP of technicnl grade (Kumiai Chemicals, 95% purity) was used in this study. 18P,
gceione nnd Tween 20 were mixed at the volume ratéo of 6; 5: 1 to prepare the 509 IBP stock solution,
Sclection of the TEP-tolerant isolwte: To attempt o obiain the 1BP-lalerant isolate, protoplasis were
prepared from hyphae of the P2 isolube by employing the method of Kobayashi ef af™. The protoplast
suspension was sdjusted to include appeoximately 4 = 10° protopiasis/mf, and 0.1 md of the suspension was
added to PDA including 10 ppam TBP and 0.6 8 KCI in Pedrl dishes, then expanded on the surface with o
sterilized glass Lo,  After the I-day meubatkon at 25°C, mycelial cobondes which had originated from
isolated, sngle protoplasts wera teansfermed onto PDA Including no IBP. The IBP tolerance of the
respactive Holates was tesied in ferms of colony dipmeter, dry welght of mycelia and conidiuvm germination
in the presence of variows concenirations of [BP, as described bebow.

Evaluation of ihe 1B sensitivity of test |solates:

i} Colomy dlameter., The Isolates of P2 and PTH2 (an IBP-tolerant isolate as described below) wers
prown on PDA at 25°C for 8 days.  Mycelinl disce of 6 mm dinmeter were obtpined Mmom the marginnl
reglon of the colony of the respective isolites, and placed each on the center of PDA medium including
0, 2 4, 10, 2 or 40 ppm TBP.  The colony diameter was mensured every 2 duys after the start of incuba-
tion at 25°C,
iy Dwy wekght of myelela, The hypha suspension of the respective isolotes prepared as above was added
to IO mi' Vogel Hoguid mediom in 200 md fiasks and incubated on & rotary shaker ot 25°%C lor 48 hr,  Small
colenies of less than | mm diameter wera collected with o micropipeite and resuspended in Vogel medium,
COine half mf of the colony sespension was added to 10 mi of Vogel medium in L-shaped glass tubes and TAP
was added to the incubntion mixture at 2 final concentration of O, 1, 2, 4, 10 and 30 ppam at the start of
incubation., Afer the 24 and 48 hr incubation en i reciprocal shaker ad 25°C, mycelia in the respective
glnss tubss were collected with glass flters, and dred at 65°C for 12 hr.  Subseguently the dey weight al
myeelin was determined,

i) Conidium germination and gppressariiom forimalion,  Pieces of fller paper, 1 =1 cay’, wese lmmersed in
a, 5, 10, 20 gr 50 ppm IR golution.  Each of them was placed on & walch plas in a modst Pt dish. A
cellophine shesl, 1% 1 em®, which had-been bolbed previowsly in deionized waler, then dried, was placed on
the respective pieces of filler paper.  The conddivm suspensbon was dprayed aver the celloplane sheeds and
eculbated nomoist Petel dishies at 25°C for 24 e, The rates of germination, appressorium formation and
gppresgorium pipmeniation were determined by light microscopy wsing the following equations,
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PP W — Mo, of germinated conidin B
conidium germination rate= Total 140, oF comdim observed. 100 {4

Mo, of pppresorin
Mo, of germinated conidia

appressorium formation rate= =100 4 )

Mo, of pigmented appressoria a
Mo, of appressoria observed % 100 {34)

appresserium pigmentition rate=

Effects of fhe timing of IBF freatments on e mycleiml growth:  In order 10 explore some of the parameders
of e VAP elfecis on the mycelial growth, TBP was added to the moubation misture during shaking culiure at
a fnal conoentration of 10 ppam every 24 he aler the omset of mcubation, as shown m Fig 1. Aler the
total 96 hr imcubation, myoclia were collected and thier dry welght was determinsd as deseribad above.
In another experiment the mycelia were grown In Vogel lguid mediom including 10 ppm IBP for indtial
perieds of 0.5-4.0 hr after twe onset of Incubatlon on a rotary shaker,  After the periods of initlal treatment,
prowing mycelin were collected by centrifugation at =400 g wsing fresh Yogel Hguid medium to eliminate
IBP from the mycelin,  After the washing was repeated three times, the whole mycella were resuspended in
4 md of fresh Yogel liquid medivm, and 0.5 mi of this suspension was added o 5 mil Yogel mediom in L-
shaped ghass tubes, followsd by incubation at 25°C for & further 24 or 48 hr.  The dry weight of mycelium
wis determined as above.
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Fl. & & schematic figare of sampling mycelinl discs
of various apes from & echony of the TBP-
sensitive solate of P erFror growing on potabos
destrose-agar medium,

Semsitivity of miycelin of various nges to TP In order 4o find differences in the sensitivity of myeelia af
variows ages to 18P, mycedial disss of 6 mm diameter were obfuined from the center to margmn of ke
myoelial colony of P2, a5 shown in Fig, 2. The respective discs were placed on PIMA including 0, 10 or
20 pprn [BP and Incubated a8 25°C for 10 days.  On the Sthoand 10tk days, the diameter of coloay devel-
oping frorm U dise wad meeasined.
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Solection of ihe IBPtorclant isolate

Beveral colonies which had originated from single protoplasis grew on PDA Incleding 10 ppm IRP,
Howewer, only one solate formed abundant conidia on ¥-8 julce-agar medium, similarly as P2 Various
visible characiers of its colony such as color and growth rate were all similar 10 those of P2, Moreover, this
Bolate showed a similar pathogenicity o o rice cultivar, Jukkoku, as P2, While mycelia of this Bokate were
transferred onto lresh PDWA repeatedly, twenty times, the nbove characters of this Bolate were not chamged
ot all.  As for as we tesfed in the laboratory, this isolate was different from P2 only in the 1EP-1oderance,
Some of the datn showlng such differences between two isplates are shown bedow,  Thus, this siolaie was
designated as PTE3 and used in the pressnt study,  However, it is not certain whether PTE3 is a type of
1BP-talerant strain which causes a serlous probdem by showing the TBP tolerance i the Geld levels, since

wiz hivve nodt done any field test of PTES.
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Fig, 5, Effsxt of varbom concentrations of TBF an precefinl growih of the TBP-sensitive isolaie P2
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Fig. 4, Effect of varouws concentrations of IBP on dry weight of the TEP-sensitive solziz P2 (A
and THF-tolerant lsalate FTES (B) of P, orpzoe in Vogel liguid medium,
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Effect of 1BF an mycelial grovwth and conidiam genmination

Incresse of colony dinmeter of solate P2 was remarkably offected by 4 and 10 ppm of 1BP and wos
perfectly suppressed at 40 ppm (Fig. 3A).  On the ather hand, myeelal grawth of FT32 in terms of colony
dinmieter wos not prominenthy nffected in the pretence of 2-40 ppm 1BP (Fig. 3B).

When the TBP effzct on myeslind growih was evaluated in terms of dey weight the prowih of P2 was delayed
bv 4 ppm 1BP and inhibited by 20 pprn perfectly, whibe thar of PTEY was not affected even by 20 ppm
{Fig, 44, B}

Effects of IBP on cofndinm germinetion of P2 ecarme greater with the increased concentrutions of 1BP,
leading io the perfect inhibition a1 50 ppen (Fig. SA).  The appressorium formation was inhibited perfectly
in the presence of 5 ppm IBP. In confeast io P2, the conidium germination of PTE3 was nol affected by
50 pgen. However, the appressoriiom formaton was remarkably suppressed a1 50 ppm and appressorium
pigmenistion at 20 ppm {Fig. 58}
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Effects of the timing of THP freatments on the mycelinl prowik

When young mycelia were trented with 10 ppm TBP froem the start of iscubadion, telr dry welght did not
increase al all during the 96 hr incubation (Fig. §.  When the IBP treatment was Initieted 24 be afoee the
onsel of Incubation, the incresse of dry weight was delayed but recovered to the level of conteol by 96 he
after the onset of incubaticn, The increase of dry wizght was not affecled, when the TBP treptment was
imitiated at 48 hr or therealler (Fig, &),

The 0.3-1.0 ke initial IBP treatment did not afect the subsequent increase of dry weight, while the 2 he
treatment proloaged the lap phass of growth (Fig, 7). On the other hamd, the £ hr initial THP treatment
suppresssd the increase of dey welghi remarkably (Fig. Th

Sensitivity of mycelin of different ages lo 1BP

Mycelia grew simitarly from all mycellzl discs of varlous ages m the pressnce of 10 ppm 1BP as well as in
controll (Fig. BA, B). Howewer, the growth of only mycelia obtained from the margin of original colony
was inhibited perfectly in the presence of 20 ppm IBP but that of others was nod (Fig. 80,
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Fig. 8. Effect of varfous concentrations of 1BF on myceslial growdh Trean myeclind dises of various
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Dhisemssion

The mycelial growth of P2 was perfectly inhibited on PDA by 40 ppm 1BP, while that of PTS3 was not
oven by 40 ppm IBP.  On the otber hand, the P2 growth was inhibited in Yogel ligquid mediom by 20 ppm
IBP while the PTES growth was not by 230 ppm IBP. The data shown in Fig. 3 indicate that appressorium
formation of P2 was very sensitive to the IBP treatment at low concentrations, However, the appressorium
formation of PTE3 occurred even in the presence of 50 ppm, although it was somewhat suppressed at high
concentrations, These results are almost consisient with the effective 1BP concentrations o P, arpase
described by Arnki and Miyagi® and alse with the finding of Yamamoio ond Heosoi'" that the mycelial
growth of P, orpzee was affected by the type andfor component of the medium and the effective conoens
trations of IEP largely depended on the medium component,  The reason why the inhibitory concentration
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of IBP was higher on PDA than in Voged liquid medium is unknown atl present.  However, it might be
related 1o the findings of earlier resenrchers’™™ that several phosphoric fungicides inchading FAP were
msetibedized by P, arpzae, diminishing their #fects on the Mangus during incubation, 11 s possible that on
PDA 1BP might be metabolized by hyphae, leading to the localized reduction of 1BP concentration aroumd
the fungal eobany, while in liguid mediom the TBP copcentration given o the mediom might ba kegd pearly
canstant around the hyphal colony by continoous shakicg. By this reason, L would appear that P erpzoe
wis more Insengitive on the hard mediom than in the lgusd mediom. A Terther study §s reguired
1 elucidate this point before wie make o fnal conclusion.

The treatment with 20 ppm 1BP m Fig. 34 and that with 10 ppm in Fig, 44 allowed the P2 mycella to
grow slowly, respectively, ontil 10 days and 48 lar aler the onset of incubation.  These results suppest
that the treated myveelia might elode sorme hyphae and jor some cells within sogle hyphas which were
highly insensitive to the given concenirations of 1BP. The toberant fselate PTHE might hove originated
Trom protoplasis rebeased lrom swch hyphae or aslis included In the P2 mycelia.

A3 shown in Fig. 6, the incipient growih stages of hyphal cobony of P2 was sensitive to [BP, especinlly
until 42 hr after the onset of incubation.  When the hyphal colony was treated with 10 ppm 1BP for the
initinl 0,520 hr afer the opset of incubation, the subsequent growth was not prominently affected by the
treatment, whibs it was largely suppressed when the hyphal colony was treated with [0 ppm 1BP for the
initinl 4 hr, These results indicate the possibilities that the incipiznt growth was specifically sensitive to
IBP, sugpesting that hyphal apices might be more sensitive to TBP than its bases, and thai ot keast 4 hr are
required for TBP to show the inhibitory efect on the incipient growth of mycelis,  The first possibility s
supported by the results shown in Fig, 8 that hyphae of r|:'|u.li'|.'¢'lj' young apes af Lhe colony margin wis
perfectly mhibited to grow in the presence of 20 ppm TBP, while thase of older ages bocating at the cobony
cenber was insensitive o 3 ppm TBP. Dada In Fig. 3 show thot the 20 ppm treatment allowed the 192
myoelia o grow slowly an PDA, although the olal growth was suppresed promesently,  In consadering
the resalls of Fig B, sech oo slow merease of coleny diameter was probably dependent on U growth of
branclwed byphee originating from elder hyphae or basal paris of hyphae locating at the colony center,

Adl of these data sugpgest that the [BP effects on P arpzoe might bo dependent on Uhe agss of hyphas or
cells In singhe hyphae andjor thedr phsyiolopicnl states assoclated with aping.  To clecidate these pofints
might be Belpdul 1o underatand why uppressorium foemation s inhiblbied by relatively bow concentrations
of IBP. A further study ls requied to obsceve responscs of singhe hyphae to [BP and (o ¢lucidaie how the
present observations ane asscclated with modes of action of IBP which have been proposed by biochermical
experiments employing high concentrntions of 1BP, 2350 ppm™**,
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