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ABSTRACT

Pine wilt disease is caused by a complex of the pinod nematode (PWN), Bursaphelenchus xylophidsita
associated bacteria. To isolate the aseptic nemgtadlde sterilizing effect of seven chemicals on PaMl its
accompanying bacteria Burkholderia cepacia (str&619) in a series of concentration and treatingetimere
investigated. B619 could be completely killed lypyiee, sodium hypochlorite, mercuric chloride, adlite green,
and gentamycin and couldn’t by lysozyme and streptin. PWNs could not be disinfected effectivehaty of
these chemicals. However, The survival rate of Pdgbreased as the treatment time and concentratichese
disinfectants were increased. Treatments at roompgzature (22 °C to 26 °C) or at low temperature°®
improved the eliminating effect of 0.1% mercuritodkle, 3% peroxide, and 4% sodium hypochloriteghtir PWN
survival was observed at low temperatures compavét that at room temperature. The chemicals thaistm
effectively eliminated the bacteria and decreasedRWN survival rate were 3% peroxide, 0.1% meccahioride,
and 4% sodium hypochlorite. The results suggestatl PWN might have a protective effect on its aased
bacteria.
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INTRODUCTION

The pine wilt disease (PWD), which leads to theimgl and subsequent death of infected trees, isobtiee main
diseases found in conifer forests [1, 2]. PWD isaaldwide threat to pine forests and other forestsgstems. The
pine wood nematode (PWN), Bursaphelenchus xylophilas previously thought to be the only pathogegient
that caused the disease [1, 3-5]. However, sustedlized PWNs were reported to lose their pathagey [6, 7].
Bacteria were likewise associated with PWNs [8 280 et al. (2000) studied the surface of PWN& wiscanning
electron microscope and found bacteria attach¢detmematode body surface[10]. Thus, a compleXéRNRand its
associated pathogenic bacteria was proposed te@ daw#[10]. Consequently, the isolation of asepMIN5 is
important for research on the relationships betvibese bacteria and PWN.

PWNs are often treated with 0.5% thiomersalateYorp&roxide, then with 0.5% streptomycin to obt&ia aseptic
PWNSs [12-16]. However, PWNs were reported to stiliry bacteria even after these treatments [14,P\GINs that
were treated with high concentrations of peroxide {0 15%) or with a mixture of antibiotics such menicillin,
streptomycin, and gentamycin were found to carigtdrga after the treatment. These results indicttedlifficulty
and complexity of sterilizing PWNs [17]. The presetudy aimed to improve currently available sizaiion
methods for PWNSs.
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EXPERIMENTAL SECTION

Source and culture of PWN

PWN (B. xylophilus) was isolated from a naturalhfeécted Japanese black pine tree (Pinus thunbergiihe
suburbs of Nanjing (Jiangsu, China). One adult nzald one adult female were selected and identidiedB.
xylophilus, and then both were cultured with thadus Botrytis cinerea on a single potato sucrose @SA) plate.
Subsequently, the plate was incubated until thgdumycelia were completely consumed. The nematodss
separated from the culture medium by using a Baennfiannel to obtain an aqueous suspension of neleatfor
further use.

Acquisition of bacterium accompanying PWN

The B619 strain of Burkholderia cepacia (Pallerand Holmes, 1981; Yabuuchi et al., 1992), also kn@s
Pseudomonas cepacia (Burkholder, 1950; Pallerahiimimes, 1981), was isolated from PWNSs collectednfa
tree that died of PWD [13]. This bacterial straimswcultured with nutrient broth (NB). In the sulseot
experiments, a bacterial density of 1013 ml-1 weedbased on the optical density (OD) value.

Chemicals for the treatment of PWN

The following treatment concentrations for differehemicals were prepared:
(1)peroxide at 1%, 2%, and 3% (w/w);

(2)sodium hypochlorite at 1%, 2%, 3%, and 4% (w/w);

(3)mercuric chloride at 0.01%, 0.05%, 0.1%, and®(%/w);

(4)malachite green at 0.01%, 0.05%, 0.1%, and @va84);

(5)lysozyme at 10, 20, 30, 40, and 50 U-mg-1;

(6)streptomycin at 0.1, 0.5, 1, and 5 U-mg-1; and

(7) gentamycin at 0.1, 0.5, 1, and 5 U-mg-1.

Elimination of the associated bacteria

PWN and the accompanying bacteria were treated tivithabovementioned chemicals at different cona#otrs
and treatment times. The sterilization effect afséh chemicals on the bacteria when they were atsdcwith
PWNs in the culture, the sterilization effect orrguaultures of the associated bacteria, and thévslirate of the
treated PWNs were observed.

A 100 pL solution containing approximately 1000 nematosese added to 10 ml solutions of the various
chemicals with different concentrations. The B61&is was cultured in NB until the medium becamsbial
Then, the medium was centrifuged at 8000 rpm (56B84ard the supernatants were discarded. Steriler wate
added to the remaining pellet to obtain the origumdume of the suspensions. Finally, 100 of the suspension
was added to 10 ml of the different concentratiminsach chemical solution.

The chemical solutions with either PWNs or the edatwere incubated on a low-speed shaker at 10top20
rom on the shaker. The treatment times used forp#r®xide, sodium hypochlorite, mercuric chloricgad
malachite green treatments were 5, 10, 15, andi@0whereas the lysozyme, streptomycin, and gentamy
treatments were performed for 0.5, 1.0, 1.5, aAchzat room temperature (22 °C to 26 °C).

After treatment with the respective chemicals, BWN and bacterial samples were washed in steritervtaree
times, and then the PWN samples were centrifugedo0 rpm (1400¢) and the bacterial samples at 8 000 rpm
(5581>g). The supernatants were discarded for both typsamples. The remaining pellet of each treatedoam
was incubated in NB at 25 °C. The sterilizatioreeffon PWN and the eliminating effect on B619 waeerved
daily until the medium became turbid for up to Sdior to the incubation of the PWN pellet into timedium,
approximately 50 to 100 PWNs were obtained fromheineated sample to measure the number of PWNs that
survived for the calculation of their survival rate

Effect of temperature on disinfectant toxicity to RVNs and bacteria

PWNs and their accompanying bacteria were treaii#u tive three disinfectants (4% sodium hypochlorégo
peroxide, and 0.1% mercuric chloride) at room terapee (22 °C to 26 °C) and low temperature (4 Qe
effect of the incubation temperature on the digitefet toxicity to PWNs and their associated baatevas
observed.
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Table 1. Sterilizing Effect of the chemincals on P\N and Its Associated Bacteria, as well as PWN Suwmal after Treatment

Chemical Treated object treatment concentrgtion* A B C D E
treatment time (min) 5 10 15 20 5 10 15 20 5 10 130 5 10 15 20 5 10 15 20
_ PWN NB t_urbldlty** + + + + + + + + + + + +
Peroxide survival (%) 100 100 100 100 100 100 100 100 1000 1099 99
B619 NB turbidity — — — — — — — — — — — —
_ _ PWN NB tyrbidity + + + + + + + + + + + + + + + +
Sodium hypochlorite survival (%) 100 100 100 100 100 100 100 95 100 9B4 68 96 89 75 41
B619 NB turbidity — — — — — — — — — — — — — _ _ _
_ ) PWN NB tyrbidity + + + + + + + + + + + + + + + +
Mercuric chloride survival (%) 100 100 100 100 100 100 100 93 100 1008 95 100 97 89 72
B619 NB turbidity — — — — — — — — — — — — — _ _ _
_ PWN NB tyrbidity ++ T i = T = = + ++ + + + + + + o+
Malachite green survival (%) 100 100 100 100 100 100 100 100 1000 100 95 100 96 94 91
B619 NB turbidity — — — — — — — — — — — — — _ _ _
PWN NB tyrbidity ++ T e e S S T s T = =
Lysozyme survival (%) 100 100 100 100 100 100 100 100 1000 1Q00 100 100 100 100 100 100 100 100 100
B619 NB turbidity + + + + + + + + + + + + + + + + + + + +
PWN NB turbidity R S o i e o A = = S S = N = R
Streptomycin survival (%) 100 100 100 100 100 100 100 100 1000 1000 100 100 100 100 100
B619 NB turbidity + + + + + + + + + + + + + + + +
PWN NB turbidity R S o i e o A = = S S = N = R
Gentamycin survival (%) 100 100 100 100 100 100 100 100 1000 1000 100 100 100 100 100
B619 NB turbidity + + + + + + + — + + — — — — — _

* Treatment concentration (%); Peroxide (%): A =B = 2, C = 3; Sodium hypochlorite (%): A =1, B2; C = 3, and D = 4; Mercuric chloride (%): A= 010B = 0.05, C = 0.1, and D = 0.5; Malachite gre@h): A =
0.01, B=0.05, C =0.1, D = 0.5; Lysozyme (U@ = 10, B = 20, C = 30, D = 40, E = 50; Streptguin (U-mg@): A=0.1, B=0.5, C =1, D = 5; Gentamycin (U-fjgA=0.1,B=0.5,C=1,D =5.
** NB turbidity; “ —" means the medium is clear and axenic; “+” meahsatthe bacteria are alive and the medium beconndsd, “++” means that more bacteria are present@the medium becomes turbid more

quickly than “+".
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Approximately 1 000 PWNs were treated with the ¢hdisinfectant solutions at room temperature antbwat
temperature conditions for different incubationgsn Then, the PWNs were immediately washed inlstester
and added into the NB culture medium. Based ormafiarent turbidity of the culture medium, the pneseof
bacteria on the PWN was observed. Before the PW&is woculated into the NB medium, approximatelyt&0
100 PWNSs were obtained from each treatment sample.survival states of these isolated PWNs werervbs
under the microscope. For comparison, pure cultafdhe accompanying bacteria were treated accgrtirthe
same protocol as the PWNs. The treatment time &#9Band the PWNs was 20 min for the room tempegatur
treatments, in which the time interval between olegons was 5 min. Approximately 10 min to 90 mias used
for the low-temperature treatments, in which thmeetiinterval between observations was 10 min. Teatiment
times that were used to determine the effects sihféictants on the survival rate of PWNs were 3136r the
room temperature treatments, in which the timerualebetween observations was 0.25 h, and 12.5 théolow
temperature treatments, in which the time intebelveen observations was 0.5 h.

RESULTS AND DISCUSSION

Effects of different disinfectants on PWNs and B619

The sterilization effect on PWNs and the accompamyiacterium (strain B619) were based on the titybad the
NB medium in which the treated samples were cultuiiéhe toxicity level of each disinfectant on PWWas
based on the survival rate of the PWNs treated ihiéise chemicals (disinfectant, antibiotic, et€he results are
summarized in Table 1.

Table 1 shows that lysozyme, streptomycin, andagaptin did not influence the survival rate of PWB&19
could be killed by gentamycin at a high concenbrati>1%) but remained unaffected by lysozyme and
streptomycin at different concentrations or by gemycin at a low concentratior=(0.5%). PWNs could not be
completely sterilized by these chemicals. Thatths, sterilizing capacity of the three chemicalsn@ strong
enough to prevent the turbidity of the culture mediwithin a short period of time. The experimenisults
proved that the aseptic PWNs obtained with thebaotics prior were rigorous.

Table 1 also shows that peroxide, sodium hypodelomercuric chloride, and malachite green coufdcéfrely

kill the associated bacteria when these were @dtaone even at low concentration. However but BWwolld
not be completely sterilized by these disinfectahtstead, the survival rate of PWNs declined a&sdisinfectant
concentration and the treatment time were increableel chemicals that influenced PWN survival, ia trder of
strongest toxicity to the weakest, were as folloywsroxide, mercuric chloride, malachite green, aondium
hypochlorite. Based on the results of the elimmmteffect on bacteria and the influence on PWN igatythe
following disinfectants were chosen for further exments: peroxide, mercuric chloride, and sodium
hypochlorite.

Effect of temperature on disinfectant toxicity to RVNs and bacteria

PWNs and their associated bacteria were treateld @vit% mercuric chloride, 3% peroxide, and 4% swodiu
hypochlorite at either room temperature or low teragure. The sterilizing effects on each sampléelzs tested
in NB are presented in Table 2.

Table 2. Sterilizing Effect of Disinfectants on PWNand Its Associated Bacteria at Different Temperattes”

Disinfectant low temperature room temperature
treatment time (mit 10 20 30 40 50 60 70 80 90 5 10 15 20 25
. PWN +25 +25 +45 +256&5 — +1 +45+6.5 +65 1t 2f -6.L
3% peroxide B619 - - o o . o o _ 7
. . PWN +2 +25 +25 +252 +25 +25-2f +25 +35 1t +2 -3¢
0.1% mercuric chloride B619 o - - o - - L T
. ) PWN +05 +05 +05 +1+1 +05 +1 +1 +1 +1 +151F 1t
4% sodium hypochlori B619 - - o T - o o -
*NB turbidity: A blank space means there is no @méd data; “—" means that the medium is clear and axenic; “+” ares that the bacteria

are alive and the medium becomes turbid. The numiter“+” indicates the number of days from inoaetibn to turbidity.

PWN survival after treatment with 0.1% mercuricatide, 3% peroxide, and 4% sodium hypochloritecetnm
temperature and at low temperature are illustratédgs. 1 and 2, respectively.
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Fig. 1. Survival Rate of PWNs Treated with Disinfetants at Room Temperature (22 °C to 26 °C)

120 —— 0. 1% HeC12
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Fig. 2. Survival Rate of PWNs Treated with Three D¥infectants at Low Temperature (4 °C)

Table 2 shows that B619 alone can be completelylizséel by 0.1% mercuric chloride, 3% peroxide, adfdb
sodium hypochlorite within 10 min at low temperasiand within 5 min at room temperature.

However, Table 2 shows that aseptic PWNs couldbeatbtained because the nematodes could not beatefgp
sterilized by the three disinfectants even aftérhlof treatment at low temperature or after 25 afitreatment at
room temperature either. Likewise, the sterilizieffiect did not increase with the increased treatntemnes.

Despite the inability of the chemicals to produoenpletely aseptic PNWSs, the NB medium inoculateth whe

PWNs that were treated with 3% peroxide did nobobsz turbid after a long period of time (for examBes d).

These results indicated that the concentratiorivef bacteria on the PWNs approached zero and thetoele

might have a protective effect on its associatexdria.

The results given in Table 2 show that in termstefilizing capability, 3% peroxide was the strastgéollowed by
0.1% mercuric chloride and 4% sodium hypochloriteese conclusions were based on the length of tiae
turbidity was prevented in the NB medium.

Figs. 1 and 2 showed that the PWNs treated withdibiefectants at low temperature had much longevigal
times than those treated at room temperature. Tder of the increasing PWN survival rate in the gkes treated
with the three disinfectants at low temperature3% peroxide, 0.1% mercuric chloride, and 4% sodium
hypochlorite. The same trend was observed forahgptes that were treated at room temperature.

Peroxide and sodium hypochlorite are strong oxglmt can cause great damage on biomolecule®iipropids,
polysaccharide, etc.). Mercuric chloride is toxiccells. These disinfectants have selective agtivécause the
mucosa and stratum corneum on the surface of asimdlich are absent in bacterial cells, could mtodémimals
from damage or virus of the disinfectants. Thusfopide and sodium hypochlorite are commonly used
disinfectants on animal and plant tissues[18]. &fme, 0.1% mercuric chloride, 3% peroxide, and g8dium
hypochlorite are recommended as sterilization agéort PWNSs. Inspite of these, the nematodes couldeated
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with them longer because of the nematodes’ shattime especially at room temperature.

We treated PWNSs with disinfectants at lower tempgeafor the first time and increased PWN surviadé which
was good much at experiments especially as inanglas a energetic pathogen. The higher survitaloghPWNs

at low temperatures might be attributed to the ilitgbof the nematodes to swallow the disinfectaatslow
temperatures. The nematodes may also enter a staseispended animation at low temperatures, thereby
decreasing their energy consumption and preveukiimgage to the nematode tissues and organs. WhéWhs
were treated with disinfectants at room temperaf@ °C to 26 °C), the animals were observed tagsfie
violently upon exposure to the disinfectants.

CONCLUSION

Lysozyme, streptomycin, and gentamycin were urtvidido eliminate PWNs for they could not kill thadberia
completely although they did not influence the stalvrate of treated PWNs. Peroxide, sodium hypodtd,
mercuric chloride, and malachite green could efffiety kill the associated bacteria alone. Accordiogterilizing
effect and the survival rate of treated nematodés, sodium hypochlorite, 3% peroxide, and 0.1% nwéccu
chloride could be used to eliminate PWNs. Althoagaptic PWNs could not be obtained, the conceotrat live
bacteria on (or in) the sterilized PWNs approache and it is such a result that suggested ughbatematode
might have a some protective effect on its assediaiacteria. Lower temperature could increaseetdeBWNS’
survival rate which was good much at experimengeeially as inoculating as a energetic pathogen.
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