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Abstract

Spreading of antibiotic resistant bacteria into environment is becoming a major public health
problem, implicating affair of the indirect transmission of antibiotic resistant bacteria to human
through drinking water, or vegetables, or daily products. Until now, the risk of nosocomial infec-
tion of antibiotic resistant bacteria has mainly been evaluated using clinical isolates by phenotypic
method. To evaluate a risk of community-acquired infection of antibiotic resistant bacteria, a new
method has been developed based on PCR-RFLP without isolation. By comparing restriction frag-
ment lengths of the 16S rDNA gene from bacterial mixture grown under antibiotic treatment to
those simulated from the DNA sequence, bacterial taxonomies were elucidated using the method
of Okuda and Watanabe [1] [2]. In this study, taxonomies of polymyxin B resistant bacteria group
in field soils, paddy field with organic manure and upland field without organic manure were es-
timated without isolation. In the both field soils, the major bacteria grown under the antibiotic
were B. cereus group, which had natural resistance to this antibiotic. In field applied with organic
manure, Prevotella spp., and the other Cytophagales, which were suggested to be of feces origin
and to acquire resistance to the antibiotic, were detected. When numbers of each bacterial group
were roughly estimated by the most probable number method, B. cereus group was enumerated to
be 3.30 x 106 MPN/g dry soil in paddy field soil and 1.32 x 106 MPN/g dry soil in upland filed. Pre-
votella spp. and the other Cytophagales in paddy field were enumerated to be 1.31 x 106 MPN, and
1.07 x 106 MPN-g-1 dry soil.
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Restriction Fragment Length Polymorphism Analysis, the Most Probable Number Method

1. Introduction

At present, various kinds of manures and compost originated from diverse biological wastes e.g., livestock feces,
food waste, and sewage sludge, were introduced into field soils under a hope to be used as organic fertilizers or
under a governmental policy in aim to promote recycling and re-using organic wastes. Some biological wastes
were reported to include antibiotic resistant bacteria [3]-[7] which acquired antibiotic resistance during chemo-
therapy for human or livestock, or by the addition of antimicrobial growth promoter (AGP). At present, spread-
ing of antibiotic resistant bacteria from animal husbandry is becoming a major public health problem, implicat-
ing affair of community-acquired infection of antibiotic resistant bacteria through underground water, or vegeta-
bles, or daily products. While the existing their surveillance method targeting specific nosocomial bacteria is not
suitable for the evaluation of their environmental risk [8] [9]. Because the susceptibility tests and taxonomy de-
terminations must be broadly expanded over a large numbers of environmentally important bacterial groups for
the risk assessment [10].

If the bacterial taxonomies in culture grown under antibiotics can be elucidated directly without isolation, an-
tibiotic resistant bacterial flora in various environments will become more easily analyzed, which will contribute
to establish their environmental risk assessment method. PCR-RFLP of the 16S rDNA seemed suitable for this
purpose, because not only taxonomic estimation of isolates [1] [10] [11], but also that of the mixed culture
without isolation [12] can be estimated by measuring number and the lengths (bp) of the restriction fragments.
In this manuscript, bacterial taxonomies in culture grown under polymyxin B were determined directly without
isolation by employing PCR-RFLP. Furthermore, numbers of each taxonomically different bacterial group in
field soils were roughly estimated by the most probable number method after taxonomic elucidations of the
mixed culture in the serially diluted culture medium.

2. Materials and Methods
2.1. Enumeration by Dilution Plate Method and MPN

Surface soils (depth 0 - 15 cm) were obtained from upland Andosol fields (B field) at Koshi, Kumamoto, Japan
(National Agricultural Research Center for Kyushu-Okinawa Region), where buckwheat have been cultivated
without organic fertilizer or manure, and from the surface horizon of Gray Lowland paddy field soil (P field) at
Koshi, Kumamoto, Japan, where a rice-wheat rotation under paddy-upland fields conditions with an annual ap-
plication of chemical fertilizer and organic manure. Sampling was done in duplicate on October 5. Immediately
after sampling, soils were sieved (<2 mm).

The number of polymyxin B resistant bacteria was estimated by the dilution plate method using the peptone-
polymyxin medium (PP medium); 10 g proteose peptone (Difco, Sparks MD), 5 g NaCl, 15 g agar and 5 mg
polymyxin B sulfate per liter, pH 7.0 [13] [14]. After 6 days incubation at 30°C, colony forming units (CFU)
were counted. For MPN, serial 10-fold dilutions (107 to 10 ") prepared from soil (1 g fresh wt.) were inoculated
to test vials (5 replicates) including PP medium. After 3 days incubation at 30°C, bacterial DNA in each vial was
extracted as the followings. Each bacterial group was counted by MPN after the phylogenetic estimations.

2.2. MERFLP of the Amplified 16S rDNA

Chromosomal DNAs of each MPN vials were prepared as described previously and purified by conventional
methods. Amplification of 16S rDNA was according to the former studies [1] [10] using the V2 forward primer
(41f; 5’GCTCAGATTGAACGCTGGCG3’, corresponding to 22 - 41 positions of 16S rRNA gene of E. coli
[15], and the V6 reverse primer (1066r; 3’*GTCGAGCACAACACTTTACAS’ corresponding to the 1066 - 1085
positions) [16] [17]. PCR product (10 ul) was separately digested by each of 10 units of the restriction enzyme,
Haelll or Hhal or Rsal or Alul (Takara Bio Co. Ltd. Shiga Japan) in Low salt buffer solution (10x Low salt buf-
fer, Takara Bio Co. Ltd.).
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2.3. Fragment Lengths Measurement by Microchip Electrophoresis System

Fragment lengths was measured by microchip electrophoresis system (Cosmo-i SV1200; Hitachi Electronics
Engineering Co., Ltd. Tokyo Japan) as described previously [10] [11]. The sample was diluted by de-ionized
water (10 folds for Low salt buffer) before loading on i-tip DNA (1C-1000, Hitachi Chemical Industry Co., Ltd.,
Tokyo Japan). DNA fragment (65 bp; 5’GCTCAGATTGAACGCTGGCGACATTTCACAACACGAGCTGGCT
CAGATTGAACGTGGCGACATT 3’) was used as the lower internal standard, and the PCR product amplified
by 41f/1066r primers was used as the upper internal standard, which were co-applied with samples as described
previously [10] [11]. In the next similarity search process, the fragment smaller than 100 bp were eliminated
from the both theoretical and measured MERFLSs as described previously [1].

2.4. Theoretical Multiple Enzyme Restriction Fragment Lengths (MERFL)
Database Used for the Estimation

The same theoretical MERFL database as that described previously [1] [10] [11] was used for this research,
which was consisted from 4370 sequence files of 576 bacterial genera, and 143 uncultured and 34 unidentified
bacteria.

2.5. Data Processing for Phylogenetic Estimation Using Multi-Template DNA
and Phylogenetic Estimation (Figure 1)

As each MPN vial included multi-template DNA originated from heterogeneous bacteria, most of the measured
MERFLP was the mixed MERFLPs digested from the heterogeneous 16S rDNA. Whereas all the theoretical
MERFLs were originated from the homogeneous 16S rDNA sequence, the measured MERFLP digested from
the homogeneous 16S rDNA must be used for the phylogenetic estimation.

In order to search and select the MERFLP digested from the homogeneous 16S rDNA among the mixed
MERFLPs, the authors constructed the following procedures: 1) the restriction fragments (RFs) with the highest
relative mole concentration (ratio of fluorescent intensity to fragment size) were selected until accumulated RF
sizes did not exceed to the original 16S r DNA size (1070 bp + measuring error), which were used as the major
RFs (represented as H in Table 1). 2) After subtraction of the above the major RFs from the mixed heterogene-
ous RFs, RFs originated from the 2nd major gene were similarly selected among the remained heterogeneous
RFs, and used for similarity search (represented as M in Table 1). 3) After subtraction of the above 2nd major

- -

I.MPN < \. | DNA sequence files |
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1)Dilution of sample "/

2)Selective incubation /l\ | Theoretical MERFL database |

3)Extraction of DNA

I.PCR/MERFLP

111. Data processing (Similarity search)

1) PCR amplification of 165 rDNA 1) Selection of RFs originated from a single gene

2) Phylogenetic estimation by the method of Watanabe and

2) Digestion by restriction enzyme - Okuda [2]

3) Fragment lengths measurement 3) Calculation of each bacterial number by MPN

by microchip electrophoresis system measurement electrophoresis system measurement

Figure 1. Scheme to identify and quantify each bacterial group using MERFLP and MPN. Theoretical MERFL database was
constructed from DNA sequence files by the method of Watanabe and Okuda [2] as described in the former papers [1] [10]
[11]. Similarity between the measured MERFLP and the theoretical MERFLP were searched based on pairwise distance ac-
cording to Nei and Li [18].
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Table 1. Affiliation of bacteria grown in serially diluted PP medium by MERFLP?,

: T E—

Vial No.® Relatlv_e . Restrlctlodn Similarity (_A))_/e Name (Accession number)’
mole ratio enzymes Allowance limit
P10*1H 100 Ha, Hh, R, A 96.4 10
P10 “2H 100 Ha, Hh, R, A 100 10
P107°1H 100 Ha, Hh, R, A 100 10
P107°3H 100 Ha, Hh, R, A 100 10
P10 °4H 100 Ha Hh R, A 100 10
—6-
PlO,GZH 100 Ha, Hh, R, A 100 10 Bacillus cereus (X55060, X55063, B. cereusl, B. cereus2),
P10°3H 100 Ha, Hh, R, A 100 10
6 B. medusa (X60628, B. medusa),
A P10™°4H 100 Ha, Hh, R, A 100 10 AR D
5, B. thuringiensis (X55062, B. thuringi),
P10 5H 100 Ha, Hh, R, A 100 10 B. mycoides (B. mycoides, X55061)
B103H 100 Ha,Hh,R,A 100 10 -y - MYCOICes,
B10“5H 100 Ha, Hh, R, A 100 10
B107°1H 100 Ha, Hh, R, A 100 10
B107°4H 100 Ha, Hh, R, A 100 10
B10°5H 100 Ha, Hh, R, A 100 10
B10"4H 100 Ha, Hh, R, A 100 10
P107*3M 355 RA 100 14 Bacillus sp.(B.spAk1)
B10“1H 100 Ha, Hh, R, A 85.7 10 B. cycloheptanicus (X51928)

B 4 B. licheniformis (X60623, B. lichenif),

518’62: 188 |H_|2’ HHT1 igg ig Paenibacillus azotofixans (X60608, Pae.azifi2),
' P. alvei (Pae.alvei,Pae.alvei3), P. kobensis (Pae.kobens)
P107%4M 48.0 Hh, A 100 10 B. pumilus (X60637, B. pumilus)
B107°5L 1.0 Ha, A 100 15 Clostridium malenominatum (C. malenomi)
a4 C. histolyticum (M59094, C. histolyt), C. collagenovorans

C P1073H 100 R.A 100 10 (C. colgenovo), Micromonospora chalcea (D85489)
P107°4M 29 Ha, Hh, A 100 14 C. tyrobutyricum (M59113), C. tyrobutyricum
B10°5M 35 Ha, A?Y 90.0 10 (C. tyrobu51, C. tyrobuty)®
P107°3M 5.0 Ha, A 100 15 Lactobacillus mali (M58824, L. mali),
B1074M 3.2 Ha, R, A 64 10 L. hilgardii (M58821, L. hilgardi)

D B107*4M 6.4 Hh, A 100 10 Heliobacterium fasciatum (L36197)
B10°1M 13.0 R.A 100 11 Erysipelothrix rhusiopathiae (Ers. rhusio, M23728)
P107*1L 30.5 Ha, Hh 100 11 Mycoplasma sualvi (M. sualvi)

P107°3L 3.0 Ha, A 90.0 10 Pediococcus urinaeequi (D87667)
P107°3M 4.4 Ha, Hh, R, A 68.3 10 Simkania negevensis (Smk. negevn)

a Spiroplasma mirum (M24662), S.
P107SL 105 Hh, R 100 10 (Spp.cit2HP), S. poulsonii (Spp.poulsn)
B10°%4M 25 Hh, A 100 15 Haloanaerobacter chitinovoran (U32596)
B1052M 4.5 Ha, Hh, R, A 66 10 Actinokineospora riparia (AF114802)

E
B104L 35 Ha, R, A 66 10 Clavibacter xyli (M60935)

P10~*1M 54.5 Ha, R 100 13 Holospora obtusa (X58198)
B10°4M 225 Ha, Hh, R, A 69.3 10 Burkholderia glathei (AB021374, Bur. glathl)
B10°2H 100 Ha, Hh, R, A 100 10 Ralstonia pickettii (Ral. picke5)

[= B107*3M 1.0 Ha, R 87.5 10 Oxabacter pfennigii (Ox. pfennig)

- Pseudomonas fragi (D84014), P. stutzeri
P1072L a7 Ha, Hh, A 65.2 10 (U25432, U26262, D84024), P. citronellolis (Z276659)
P10°5H 100 Ha, Hh, A 100 14 Vibrio diazotrophicus (V. diazotro)

B10°1L 0.9 Ha, R 83.3 10 Pelobacter propionicus (Peb. propio)




K. Watanabe et al.

Continued

P10°4L 39 Hh, R, A 82.2 10 .

5 P10-52M 37 Hh R A 799 10 Prevotella numinicola (AB003401)
P10°%5M 43 R, A 87.5 10 .
P10SAL 83 Ha, Hh R, A 68.3 10 Prevotella oralis (L16480)
B105M 13.0 R, A 100 10 . N .
P10°1M 87 Ha, Hh. A 68.9 10 Flexibacter litoralis (FIx. litora, M58784)
P10°2L 0.8 RA 83.3 10 Flexibacter maritimus (FIx. marit2)

H

-4 Cryseobacterim balustinum (M58771),

P1072M 423 Ha, Hh, A 100 13 Flabovacterium indoltheticum (M58774)
P107°1L 0.9 Ha, A 51 10 Taxeobacter ocellatus (Y18835)
P107°3L 0.7 Ha, R, A 64.4 10 Oscillatoria agardhii (X84811)

|
P107°5M 12.5 Ha, A 90 10 Fervidobacterium islandicum (M59176)

Grouping was based on affiliation by MERFL; Bacillus cereus group (Group A), the other Bacillus spp.(Group B), Clostridium spp. (Group C), the
other Firmicutes (Group D), Actinobacteria (GrouE E), Proteobacteria (Group F), Prevotella spp. (Group G), the other Cytophagales (Group H), and
the other gram negative bacterial group (Group I). "The 1st letter in vial indicates soils; “P” stands for paddy filed soil, and “B” stands for upland field
soil. Exponential of vial number represents the decimal dilution of the vial. The 2nd number of vial number (1-5) represents number in 5 replicates for
the each decimal dilution. H of last letter represents MERFL originating from the major 16S rDNA, M represents from the 2nd major 16S rDNA, and
L represents from the 3rd major 16S rDNA. “Relative mole ratio was a ratio of averaged relative mole concentrations of the 2nd, or 3rd major MERFL
to those of the major MERFL as described in the materials and method. Restriction enzymes used for similarity search; “Ha”, “Hh”, “R”, and “A”
stand for Hae 111, Hha I, Rsa I, and Alu I. *Allowance limit for measuring error was set at 10% at first, then increased as described in materials and
methods. For the measured MERFLP which had no completely identical theoretical MERFLP, the theoretical MERFLP having the highest similarity
using all the RFLPs was presented with the similarity in italics as described in the materials and method. ‘Species name (accession number) of the
theoretical MERFL having the highest similarity with the measured MERFL of the isolate. 9Additional name (accession number) of the theoretical
MERFL having the same MERFL for the used restriction enzymes.

RFs from the remained heterogeneous RFs, RFs originated from the 3rd major gene were similarly selected and
used for similarity search (represented as L in Table 1).

The similarity between the measured RFLP (A) and the theoretical RFLP (B) was calculated as described
previously [1] [10] [11] based on the pairwise distance (Dag) by the following equation; Dag = 1 — 2Npg/(Na +
Ng), where N, and Ng were the numbers of fragments of each RFLPs and Npg was the number of shared frag-
ments that indicated same sizes within an allowance limit for measuring error according to Nei and Li [18]. The
pairwise distance of the MERFLPs (Dagve) Was an average of all the Dags for used restriction enzymes. Similar-
ity (%) was (1 — Dagme) X 100 (Table 1).

In similarity search, allowance limit for measuring error was set at 10% in the first analysis, then gradually
increased to 15 % until completely identical theoretical MERFL (100% similarity) were found out (Table 1) [1]
[10] [11]. If the completely identical theoretical MERFL was not found out by using all of the measured
MERFL data, combinations of restriction enzymes used for the analysis was changed (Table 1) [1] [10] [11]. As
to the measured MERFL which had no completely identical theoretical MERFL, the theoretical MERFL having
the highest similarity to the measured MERFL was indicated in Table 1 [1] [10] [11].

2.6. Estimation of Numbers of Each Taxonomically Different Group by the
Most Probable Number Method
Most probable numbers of each groups (A-l) were estimated for five-tube, three-decimal-dilution experiment
(Table 2). Confidence limits shown in Table 2 were obtained using Woodward’s method [19].
3. Results and Discussion
3.1. Enumeration by Dilution Plate Method

Bacterial counts on PP medium in the both fields (P field, 1.82 + 0.65 x 10° CFU-g* dry soil; B field, 2.30 +
1.03 x 10° CFU-g*) were similar level to those in uncultivated soil (0.2 x 10° CFU-g %) [14], and cultivated
upland soil(1.2 x 10° CFU-g ") [14], and smaller than that in the fallow land area (from 9.2 to 18.7 x 10° CFU
g ) [20], and much smaller than that in the field soil applied with 120 t liquid livestock feces (from 49.3 to 72.1
x 10° CFU-g * dry soil) [20] and that with 600 t field (84.1 to 645 x 10° CFU-g %) [20].
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Table 2. Most probable numbers of each groups (A - 1) and 5% confidence limits obtained using Woodward’s method [19].

Paddy field soil Upland field soil
Groups _Thltee Seore MPN.g-—l 5% limits _Thr_ee Seore MPN-g__l 5% limits

dilutions dry soil L High dilutions dry soil L@ High
A. B. cereus 10°10°107 3-4-0 33.01 - - 10°10°107 2-1-1 13.24 431 3453
B. Bacillus spp. 10°10°107 0-1-0 2.83 157 1572 10°10°107 0-1-0 2.59 144 1444
C. Clostridium 10%10°10° 1-1-0 0.63 0.15 236 10°10°107 0-2-0 5.323 1.44 1871
D. The other 10°10°107 210 1069 314 3302 10°10°107 111 878 288 25.90
E. Actinobacteria 10%10°10° 1-1-0 0.58 014  2.16
F. Proteobacteria  10410°10° 2-1-0 1.069 0.31 330 10%10°10° 3-1-0 1.58 058  4.17
G. Prevotella 10%10°10° 1-3-0 13.05
H. Cytophagales  10°10°107 2-1-0 10.69 314 3302 10%10°10° 1-0-0 0.29 0.14 1.58

I. Gram negative

b - 10°10°107 1-1-0 6.29 157 23.58
acteria

3.2. Affiliation of Bacteria by MERFLP without Isolation

Affiliations of fifty three MERFLPs in each MPN vials were summarized in Table 1. They were affiliated to be
Bacillus cereus group (Group A, 15 MERFLPs), the other Bacillus spp. (Group B, 5 MERFLPs), Clostridium
spp. (Group C, 4 MERFLPs), the other Firmicutes (Group D, 9 MERFLPs), Actinobacteria (Group E, 2
MERFLPs), Proteobacteria (Group F, 7 MERFLPs), Prevotella spp. (Group G, 4 MERFLPs), the other Cyto-
phagales (Group H, 5 MERFLPs), and the other gram negative bacterial group (Group I, 2 MERFLPS). Our
former results indicated that most of the bacterial 16S rDNA were amplified by using the same PCR condition,
and affiliated to the corresponding bacteria. When the method was used for the mixed culture, PCR bias was
found to effect on the results as the followings. The most of the major MERFL (21 vials) in the dilution vials
were affiliated to be B. cereus (15 vials), while there was no vials in the 2nd major and 3rd MERFL affiliated to
be B. cereus (Table 1 and Table 3). The results suggested that B. cereus had always been the major MERFL
even if B. cereus existed as the minor bacteria in the vial, because 16S rDNA of B. cereus might be amplified
preferentially to the other bacterial groups by the used PCR condition due to the PCR bias.

Although the MERFLP from the homogeneous 16S rDNA, the major MERFL, the 2nd major MERFL, and
the 3rd major MERFL, could be selected among the mixed MERFLPs, the major MERLP provided the most re-
liable information on bacterial taxonomy of each bacterial group by the similarity search as the followings. Ratio
of the MERFLs having 100% similarity to the corresponding theoretical MERFLs was the highest in the major
MERFL (90.5%), followed by the 2nd major MERFL (50.0%), and the 3rd major MERFL (25.0%) (Table 3),
which indicated that the discrepancies between the measured MERFL and the corresponding theoretical MERFL
was gradually increasing in the 2nd and 3rd major MERFL. Smaller peak area of 2nd major MERFL (14.5% of
the major MERFL Table 3) and the 3rd major MERFL (5.73% of the major MERFL Table 3) might be one
factor to increase the discrepancies caused by the undetectable fragment under the detection limit or misreading
of the fragment size. The 2nd major, or the 3rd major MERFLP having the same fragment size as the major
MERFLP might be another factor to increase the discrepancies. Because the fragment, which was once attri-
buted to the major MERFLP, could not be attributed to the 2nd major, or the 3rd major MERFLP.

3.3. Enumeration of Each Bacterial Group by MPN

Bacillus cereus group (Group A) was estimated to be 3.30 x 10° MPN-g* dry soil in P field, and 1.32 x 10°
MPN-g*in B filed (Table 2 and Figure 2). The other Bacillus spp. (Group B) was enumerated to be 0.28 x 10°
MPN-g* in P field, and 0.26 x 10° MPN-g ' in B field (Table 2 and Figure 2). Clostridium spp. (Group C) was
enumerated to be 0.06 x 10° MPN-g ' in P field, and 0.53 x 10° MPN-g " in B field (Table 2 and Figure 2). The
other Firmicutes (Group D) were enumerated to be 1.07 x 10° MPN-g* in P field and 0.88 x 10° MPN-g * in B
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Figure 2. Numbers of bacterial groups estimated by MPN and MERFLP in paddy field soil (P), and upland field soil (B).
Number of B. cereus group (Group A; o), the other Bacillus spp. (Group B; EZ), Clostridium spp., (Group C; EZ), the other
low GC content gram positive bacterial group (Group D; [), Actinobacteria (Group E; [EZ), Proteobacteria (Group F; ),
Prevotella spp. (Group G; E), the other Cytophagales (Group H; [, and the other bacterial group (Group I; m) were pre-
sented.

Table 3. Affiliated bacterial groups of the major, the 2nd major, and 3rd major MERFLs and their relation to the results of
similarity search.

Bacterial groups

Ratio of the Relative
B. cereus Gram positive Gram negative vails with mole
group bacteria bacteria 100% similarity  concentration”
(A,; 15 vials) (B - E; 20 vails) (F - 1; 18 vails)
The major MERFL (21 vials) 15 4 2 90.5% 100%
The 2nd major MERFL (20 vials) 0 11 9 50.0% 14.5%
The 3rd major MERFL (12 vials) 0 5 7 25.0% 5.73%

“A ratio of averaged relative mole concentrations of the 2nd, or 3rd major MERFL to those of the major MERFL.

field (Table 2 and Figure 2). Proteobacteria (Group F) were enumerated to be 0.10 x 10° MPN in P field and
0.16 x 10° MPN in B field (Table 2 and Figure 2). Prevotella spp.(Group G), the other Cytophagales (Group H),
and the other bacterial group (Group 1) were enumerated to be 1.31 x 10° MPN, 1.07 x 10° MPN, and 0.63 x 10°
MPN-g ! in P field, while the other Cytophagales (Group H) was enumerated to 0.028 x 10° MPN-g* in B field
(Table 2 and Figure 2).

Most MPN scores remained low especially in lower decimal dilution except for the some groups, Group A in
P field and Group F in B field (Table 2), which might be caused by the PCR bias as the followings. When spe-
cific 16S rDNA, e.g., B cereus group, was preferentially amplified, the other 16S rDNAs in the same vials could
not be equally amplified, which might inhibit reliable taxonomic estimation even if they were numerically do-
minant genomic DNA. The PCR bias also seemed to cause the inappropriate MPN scores (3-4-0, 1-3-0 Table 2)
in some bacterial groups (Group A and Group G in P field) (Table 2), where confidence limit could not be cal-
culated. Inhibition of PCR in lower dilution vials, which was caused by incomplete removal of PCR inhibitor in
soils, also caused the lower MPN score in the lower decimal dilution. Although the numbers of some bacterial
groups might be underestimated due to the PCR bias and PCR inhibition described above, the method at least
provided the minimum numbers of each bacterial group.

4. Conclusions

Polymyxins (B and E), polycationic peptide antibiotics produced by Bacillus polymyxa, were bactericidal to
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gram-negative bacteria (MICso = 1 ppm for most gram-negative bacteria) except for Burkholderia cepacia [21]
due to crossing the bacterial outer membrane by competitive divalent cation displacement by bulky polycations
and little to no effect on gram-positive bacteria. The bacteria in MPN vials, which were affiliated to be gram
negative bacteria (from Group F to Group |, Figure 2), were suggested to acquire antibiotic resistance [10] [22].
Although polymyxin B have mainly been used in hospitals and have never been used as AGP, or applied for li-
vestock, polymyxin E (colistin), which has a similar structure and has the same site of action, has been used as
an AGP in Japan. Polymyxin B-resistant gram negative bacteria detected in this study were supposed to be co-
listin resistant bacteria, because large numbers of polymyxin B (over 10° CFU/g dry matter) and colistin-resis-
tant bacteria (over 10° MPN/g dry matter) were typically found in raw livestock feces [23].

The estimated numbers of gram negative antibiotic resistant bacteria (3.11 x 10° MPN-g * in P, and 0.19 x 10°
MPN-g ! in B) were lower than those estimated for the other field soils (from 31.7 x 10° CFU-g* to 258 x 10°
CFU-g ™) [10] [20] where large amount of liquid livestock feces had annually been applied. As considerable
numbers of Prevotella spp., and the other Cytophagales (1.31 x 10° MPN, 1.07 x 10° MPN), which had been
suggested to be of feces origin [10] [24] were only enumerated in P field, the gram negative antibiotic resistant
bacteria were concluded to be contaminated from organic manure.

The method presented here was found to be effective and useful for the purpose of monitoring whole antibi-
otic resistant bacterial flora in the environment and evaluating their risk. As the method was a new method,
which was different from the other known analysis methods for microbial group such as denaturing gradient gel
electrophoresis (DGGE) [25] [26] or terminal restriction fragment length polymorphism (t-RFLP) [27] [28], the
availability as evaluation method for the other microbial groups, such as multi-drug resistant bacteria, bacteria
causing food poisoning, and the other general bacteria, a precision of the affiliation, and validation of enumera-
tion of each microbial group will be described in the next manuscripts.
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