Pestici de Science Society of Japan

G A

FEEREBMX
LT

(% & ®

HA B4t 25, 300-309 (2000)

T3 o IR RICBE 5§ B AR O E & B E)

Aol #OK
Aol Ny N Ry L S

Behavior and Structure of Microbial Community Degrading
Agrochemicals in Soil

Arata KATAYAMA

Graduate School of Bioagricultural Sciences, Nagoya University, Chikusa-ku, Nagoya, 464-8601, Japan

T L &

BT, BOERAENEERT L oI BIED R
EoTUEANRELDTHSL, LrL, ARIZE T
LHNENEY, T4bbERSCHMIRRES L OHEICKH
LEEEZ R T 726, AREREL W) S LR LE
D VBRI HNRew, 0z, BEERAIRIZTS
OISR B b TE R, BUETIE, KHEETH
DREPTORAELNZ WRESAWLN TS,

2 BRI KEE, (LEABUBRRE DL Lo 72k
i21d, DDT %7 > =-HCH % ¥ 0 BIER RZMH %
CHwsN, VA F e A— P H3[ Silent Spring (5§
BE A L SEOIDE) | THBIR IR WA DB YN DR
WAL, KELHAMEE -2, ThLK, BED
RED TOBRBEIZRENLLELZ AL L TERLIEA
Lo T, BEIERMICIZTERICAYD, HEEE
Mz & - T e 2T 2720, BEOLEG TORE
B & OO EMCEWC BT 2SR L (AIThbi, BUE
TIREBENCERE D, b RS2 H HREHRETEZ 513
LIz > T 32,

WEETIE, M) 7eo L X PCB SN T ERHES
AL & B TBIERARBIC L), Zn6nibFY
B RS 2 btk oB E # FIFH L THRT 5
SV SL F VAT 42— 3 YEBNORRE I EA DO
5.

L2 L2 E COMRIZ, BEGSMREET D2 L
ek EREIEEEERIC L ) R S B, MMSEESAET
TEDOWEETAND L) hhk o TE ., THELHE
BT 52 X & o TOMAEMOFEIIRETY, [Bohn

*JRIE | i BRI A TR 5 —

FEEH LR CEE L GHE S L T T b od
B2 % OBAEAATH 72, 2Dk ) e HEEL 725
W B A R, TERIC BT 2 WE BT
RIS DRI WG E - T b, R
AV (EW A A~ 2), 8 (BEWEEME) B &
U ZOBRE (&) o 3HA & 2N OMEBRROMIT
5 Z L BB O RO LEATTRTH B,
INFTRIDL ) LTS - 12, AT R R R
L, HEBREEGOEIICHE ) LB SRR L
BN BNRE A B L 22T 5 2 TR S, T
DAL IE R ORI O 12 o D FBENTE#R & L TF
HThbeELbLND,

AR, ZOBLEROPTRESRICEST 5158
WAEMBEO B L RN T 2 HIEOWL AT 20D TH
b, FOR, PEWEERCLHRHELEBLUOX /v
MBEE V) 2HENT 7o —F AN THHZ L 2H5H
A

TEBENHOBZERITS X

Table | |2 &RFEDOENTH: & HEHREHOE - H - BEE (B
o RIEE) & OBRE B L TE Lo 2¥, Fr k%
L7, Lo [MC) Ei#x /> Mnks:iz 3EA
ELHLPICTED LW HTENTWA, fiuc 3HEE
LHLPICTELHEE L TEEREEH S, 20K
B, WA S A2 R ERANET 2 HETHY), o8
FHIERIZBI RN DNA 7o —70MBIC L - TH b
n, FRBEEEOBRLT ) U Xy Vv EEFOMBTR
BREHZ AV M2 RIETE 3, UL, EHERE
Bz & 2 RO GBI I R L 72 LR
EHThWERBREOH 2RISR (L, KEFRD D

NI | -El ectronic Library Service



Pestici de Science Society

of Japan

Journal of Pesticide Science 25 (3) August 2000

301

Methods to detect microbial groups metabolizing a single substrate in soil.

Table 1
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Table 2 List of microorganisms degrading chlorothalonil.

Gram-negative Gram-positive Fungi
bacteria bacteria

Acinetobacter Bacillus Fusarium

Agrobaterium Corynebacterium Trichoderma

Alcaligenes Nocardia Torula

Azomonas Micrococcus Penicillium

Escherichia coli Staphylococcus Tilachlidium

Flavobacterium Rhodococcus Cephalosporium

Klebsiella Sterile fungi

Moraxella

Pseudomonas

Sphingomonas

Xanthomonas

N
Cl Cl
(@] CN
al

chlorothalonile

// \,\

ONH2
:f:cn cl CN ¢ eN | CONH,

SCH;
Hydrolated Methyithiolated

ﬂ 0 l l

Fig. 1 Possible metabolic pathways of chlorothalonil by
soil microorganisms.
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Fig. 2 Estimation of total microbial degradation capacity
(total), bacterial dissipating capacity (Bacteria) and fungal
dissipating capacity (Fungi). Antibiotics used consisted of
a mixture of ampicillin (Am), chloramphenicol (Ch) and
tetracycline (Tc) against bacteria, and cycloheximide (Cy)
against fungi.
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Fig. 3 Contribution rates of bacteria and fungi to chloroth-
alonil degradation in non-fertilized soil (NF), the soil receiv-
ing only chemical fertilizers (CF), the soil receiving chemical
fertilizers and farmyard manure (CF+FYM) and the soil
receiving only farmyard manure (FYM). NB+YE was
used as substrate. A horizontal bar denotes the least
significant difference (P <0.05).
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Fig. 4 Isoprenoid quinones observed in environmental
samples.
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Table 3a Correspondence of respiratory quinones to major soil Gram-negative bacteria.

Quinones Gram-negative bacteria

Ubiquinones

Q-8 Burkholderia, Comamonas, Thiobacillus, Alcaigenes, Xanthomonas,
Acinetobacter, Azotobacter, Aeromonas, Proteus, Enterobacter, (Escherichia coli)*

Q9 Pseudomonas, Hyphomicrobium, Acinetobacter

Q-10 Acidiphilium, Agrobacterium, Ochrobactrum, Sphingomonas

Menaquinones

MK-6 Cytophaga
MK-7 Cytophaga, Flavobacterium, Flexibacter
MK-8 Aeromonas, Proteus, Enterobacter, (Escherichia coli)**

* Escherichia coli is not abundunt in soil. (Adapted from Ref. 22)

Table 3b Correspondence of respiratory quinones to major soil Gram-positive bacteria.

Menaquinones Gram-positive bacteria

MK-7 Bacillus, Thermoactinomyces

MK-7(H2) Brevibacterium

MK-8 Lactobacillus, Micrococcus

MK-8(H2) Brevibacterium, Corynebacterium, Micrococcus, Rhodococcus

MK-8(H4) Janibacter, Nocardia,* Nocardioides, Terrabacter

MK-9 Arthrobacter, Clavibacter, Curtobacterium, Thermoactinomycetes

MK-9(H2) Arthrobacter, Corynebacterium, Gordona, Mycobacterium, Amycolatopsis, Microtetraspora, Streptosporan-
gium

MK-9(H4) Actinoplanes, Amycolatopsis, Cellulomonas, Micromonospora, Microtetraspora, Pseudonocardia, Sacchar-
opolyspora, Saccharothrix, Streptosporangium

MK-9(H6)** Streptomyces, Actinomadura

MK-9(H8)** Streptomyces, Actinomadura, Catenuloplanes

MK-10 Rathayibacter

MK-10(H2) Glycomyces

MK-10(H4) Actinoplanes, Glycomyces, Micromonospora, Nocardiopsis

MK-10(H6) Nocardiopsis, Thermomonospora

MK-10(H8) Thermomonospora, Catenuloplanes

MK-11 Agrococcus, Aureobacterium, Microbacterium

MK-12 Agrococcus, Agromyces, Aureobacterium, Microbacterium

* It is reported that Nocardia contains MK-8(H4, w-cyclo). (Adapted from Ref. 22)

Table 3¢ Correspondence of respiratory quinones to major soil fungi.

Ubiquinones Fungi

Q-9 Arthroderma, Ascobolus, Aspergillus(Chaetosartorya, Eurotium), Ctenomyces, Eladia,
Microsporon(Nannizzia), Mucor,** Oidiodendron, Paecilomyces(Byssochlamys), Penicilliopsis,**
Penicillium(Eupenicillium)

Q-10 Aspergillus(Neosartorya), Paecilomyces, Penicillium(Talaromyces)

Q-10(H2) Acremonium, Amauroascus, Arachniotus, Aspergillus(Emericella), Botryotrichum(Chaetomium),
Botrytis(Sclerotinia), Chloridium, Chrysosporium(Gymnoascus), Cladorrhinum(Apiosordaria), Dothichiza,
Fusarium(Gibberella, Nectria), Geomyces(Pseudogymnoascus), Gliocladium, Myrothecium, Paecilomyces,
Penicillium(Talaromyces), Phialophora(Coniochaeta), Phoma(Westerdykella), Preussia, Scopulariopsis,
Sporothrix, Trichoderma(Hypocrea), Verticillium(Pseudeurotium)

Q-10(H4) Botryotrichum(Chaetomium), Penicillium(Talaromyces)

* The genera are shown as the anamorph except for Mucor and Penicilliopsis. The genera in parentheses denote the correspond-
ing teleomorph. (Adapted from Ref. 22)
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Fig. 5 Respiratory quinone profiles of the soils. OP-soil: Aerobic layer of paddy soil in Nagoya University Farm, 1A-soil:
Ibaraki ando soil, CF-soil: Upland field receiving only chemical fertilizers, CF + FYM-soil: Upland soil receiving farmyard manure
as well as chemical fertilizers. All unknown quinone species were menaquinones highly hydrogenated. Abbreviations of
quinone species are the same as in Fig. 4. MK-10(H4) and MK-10(H2) contained MK-9(H8) and MK-9(H6), respectively.

(Adapted from Ref. 22)
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Fig. 6 Profiles of total quinones and [**C]-labeled quinones obtained by the addition of [U-"*C]glucose in CF+FYM soil and

CF soil. The abbreviation of the soil are the same as Fig. 5.
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Behavior and Structure of Microbial Community
Degrading Agrochemicals in Soil

Introduction

Isolations of microorganisms by dilution plate method

and their characterization only show the presence of
potential degrading microorganisms in soil because only
several percentages of soil bacteria grow on the agar
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media used in laboratory. In most of the cases, the
information of the isolates did not help to assess or
control the degradation of agrochemicals in soil. To
understand the rolls of microorganisms in the agro-
chemical degradation in soil, it is essential to evaluate the
microbial biomass, the microbial community structure
and the function in soil without bias by cultivation in
laboratory media. At the same time, it is important to
elucidate the relations among them. However, there has
been no single method to determine these microbial
parameters at once.

In this study, two different methods, partial inhibition
method and ['*C]quinone profile method, were devel-
oped. Each single method estimated the microbial
biomass, the microbial community structure and the
degrading activities in soil. Compared with other
methods such as direct microscopic methods combined
with DNA probing technique, 16S-TDNA analysis and
phospholipid fatty acids, these methods have been con-
sidered to give better reflection of microbial community
degrading single compound in soil.

Bacterial and fungal contributions to degradation of
agrochemicals estimated by partial inhibition method

Partial sterilization method is based on the substrate-
induced respiration method that is used as an indicator of
the microbial biomass in soil. The respiration rate is
measured several hours after the addition of glucose to
soil. The respiration rate of soils during 6 to 8 hours are
maintained at relatively constant. Antibiotics against
bacteria and fungi enable to estimate the contribution of
bacteria and fungi to respiration. There are reports to
show the good correlation between the respiration and
the microbial biomass under the conditions using antibi-
otics. In this study, instead of glucose, agrochemicals
were used and the degradation rates of bacteria and fungi
have been estimated.

It was found that repeated application of chloroth-
alonil decelerated the dissipation of chlorothalonil in
soil. In the soil amended with farmyard manure at a
high rate, there was chemical reaction between chloroth-
alonil and phenolic compounds in soil. However, the
dissipation of chlorothalonil was mainly due to the
microbial action. Chlorothalonil-degrading bacteria
present at about 10°CFU/g-soil even in virgin soil and
enriched by 10 times after the repeated application.
This indicated that changes in soil conditions suppressed
the activity of the degrading microorganisms.
Chlorothalonil-degrading microorganisms were found in
diverse taxonomic positions including Gram-negative
and -positive bacteria and fungi. Most of the degrading
microorganisms required other carbon and energy source
for the degradation. Chlorothalonil-degrading
Azomonas and Flavobacterium showed narrow spectrum
of substrate specificity, indicating that the degrading

enzyme was not induced by other chemicals. Four
possible degrading pathways were present: Substitutions
of chlorine with hydroxyl group, methylthio group and
hydrogen, and hydrolysis of nitrile. This is the first case
that methylthiolation by bacteria was observed.

Degradation of cellulose in soil was inhibited by
chlorothalonil application, especially at higher than 15
mg/kg-soil. Most of chlorothalonil-degrading bacteria
required relatively high concentration of other carbon
source. Glucose addition to soil accelerated the dissipa-
tion of chlorothalonil. These indicated that deficiency
of carbon and energy source in soil caused the decelera-
tion. Soil pH also a factor to change the degradation
rate. Neutral pH enhanced degradation.

Contribution of microbial groups to the changes in
chlorothalonil degradation rate was estimated quantita-
tively by partial inhibition method using antibiotics.
To measure bacterial contribution, the mixture of
ampicillin, chloramphenicol and tetracycline was used.
Cycloheximide was used for the estimation of fungal
contribution. The mixture of nutrient broth and yeast
extract was added as substrates to minimize the partial
sterilization effect. Chlorothalonil degradation rate and
carbon dioxide evolution rate were maintained at con-
stant for 6 hours after the addition of the substrates.
When freeze-dried powders of chlorothalonil-susceptible
microorganisms were used instead of the mixture of
nutrient broth and yeast extract, the contribution rates of
microbial groups were identical, indicating the validity
of the use of the mixture as substrates. Partial inhibition
method revealed that increase in the degradation rate in
the soils receiving farmyard manure and in the soil
conditioned at neutral pH was mainly due to the increase
in the degrading capacity of fungi. Deceleration by
repeated application was due to the decrease in the fungal
capacity or both bacterial and fungal capacities. These
indicated that chlorothalonil-degrading fungi control the
degradation rate of chlorothalonil in soil. To identify
the major degrading fungi in soil, fungal hyphae in soil
was directly isolated by a soil washing method. Higher
than 40% of isolates were classified into Fusarium spp.
On the other hand, Penicillium spp. were isolated as
degraders by a dilution plate method.

Paraquat is adsorbed so strongly that little degradation
in soil can be expected. However the long-term observa-
tion documented that the dissipation of paraquat in soil.
Paraquat-degrading yeast, Lipomyces spp. has been iso-
lated from all over the world, although there is no evi-
dence to support the degradation of paraquat in soil by
the yeast. We found that paraquat was degraded on the
plant debris, especially the one with high carbon to
nitrogen ratio. Monopyridon and "“CO, were detected
as metabolites. Urea, ammonia and nitrate suppressed
the degradation, suggesting the involvement of nitrogen
metabolism. Cycloheximide and polymixin B did not
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inhibit the degradation, indicating Gram-positive bacte-
ria as major degrading microorganisms.

Detection of microbial groups degrading a substrate
using [*C]quinone profile method

Method to detect microbial groups metabolizing single
substrate in soil was enabled by the combination of
isoprenoid quinone profile analysis and [**C]-labeled
substrate. Isoprenoid quinone has been used as biomar-
kers to determine the taxonomic position of isolates.
The utilization of isoprenoid quinones for environmental
samples was pioneered by Hedrick and White (1986),
who used the ratio of menaquiones to ubiquinones as an
indicator of anaerobic vs. aerobic metabolism. Then,
Hiraishi (1988) has extended the method to monitor the
structure of aquatic microbial communities based on
individual quinone species. However, there was no
application of quinone profile method to the soil micro-
organisms. We have reevaluated the quinone profile
method as the method for chatacterization of soil mi-
crobial communities and developed a new method to
detect degrading microbial groups as well as total mi-
crobial community structure by [MC]-labeling of
quinones in soil.

In the soil environment, menaquinones (naphtho-
quinone) and ubiquinones (benzoquinone) are detected.
Each species of microorganism containes one major
quinone species generally. Ubiquione-8 (ubiquinone
with 8 isoprenoid units) is contained in S-subclass and
some of y-subclass of Proteobacteria. Ubiquinone-9 is
contained in y-subclass of Proteobacteria and fungi.
Ubiquinone-10 is contained in g-subclass of
Proteobacteria. Ubiquionone-10(H2) (ubiquinone with
10 isoprenoid units with hydrogenation of one double
bond) is contained in fungi. §- and e-subclass of
Proteobacteria and Gram-positive bacteria contain
menaquinone-6, -7, or -8. Cytophaga-Flavobacterium
complex contains menaquinone-6 or 7. Actinobacteria
contain menaquinone with side chain of longer than 9
isoprenoid units.

Isoprenoid quinones are extracted as neutral lipids
from soil and determined by high performance liquid
chromatography equipped with photodiode array detec-
tor. Quinone profiles can be subjected to the numerical
analysis using a dissimilarity index. Number of
quinone species detected in soils were in the range from
20 to 25. There was a linear relation between total
amount of quinones and microbial biomass carbon
measured by fumigation-extraction method. Half lives
of quinones were shorter than 10days.

Diversity of microbial community was evaluated by
newly introduced quinone diversity index. The applica-
tion of farmyard manure increased quinone diversity
index of a yellow soil. Microbial community structure

had changed specific to each fertilizing practice for
several years and became stable. Menaquinone-7 was
characteristic in the soil receiving farmyard manure.
Farmyard manure itself contained menaquinone-7 by
40% as mole fraction. It was suggested that farmyard
manure application resulted in menaquinone-7.

Changes in microbial community structure by the
application of pentachlorophenol in a percolation flask
were successfully monitored by quinone profile analysis.
Decrease in fungi was indicated by the disappearance of
ubiquinone-10(H2) at 20 mg/l of pentachlorophenol.
At 200 mg/1 of pentachlorophenol, changes in the com-
munity structure became wider: disappearance of
menaquinone-7 and appearance of ubiquinone-9.

These results clearly have shown the usefulness of
quinone profile method for the characterization of mi-
crobial community structure in soil. Then, [MC]-
labeled substrate was used to detect the microbial groups
to metabolize the single substrate. ["C]-labeled glu-
cose, glycine, acetate, phenol and benzoate were
examined. During 6 hours of incubation of soil after the
incorporation of ["C]-labeled substrates, ["C]-labeled
quinones synthesized were detected in glucose and
glycine but not in acetate, suggesting that acetate-
degrading microorganisms was negligible in population
or not active under the conditions. The species of [**C]-
labeled quinones from glucose were the same as those
from glycine, suggesting that the same microbial groups
metabolized both substrates. In the soil receiving farm-
yard manure, highly hydrogenated menaquinone was
labeled from glucose, suggesting the metabolism by
Actinobacteria. On the other hand in the soil receiving
only chemical fertilizers, metabolism by A-subclass and
some of y-subclass of Proteobacteria were indicated by
labeled ubiquinone-8. It was also suggested that there
was no contribution of fungi. Phenol and benzoate-
metabolizing microbial groups were detected after 3 days
of incubation from the incorporation.

Conclusions

Previous studies measured separately microbial
biomass, microbial community structure and functions
and then scientists tried to correlate these parameters to
estimate the behavior the microorganisms. However,
the correlation did not reflect behavior of individual
microbial groups in soil. Here, partial inhibition
method using antibiotics and ["*C]quinone-profile
method were introduced. These methods are powerful
to correlate the microbial biomass, community strucuture
and the activity metabolizing a substrate. To under-
stand the degradation of agrochamicals by microorgan-
isms in soil, these methods should be useful and will
provide microbial information to assess and control the
degradation of various chemicals in soil.
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