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Antibiotic Resistance of Escherichia Coli and Brevibacterium sp. Isolated from
Livestock Waste and Disinfection Efficiency of Gamma-Ray Irradiation
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Abstract : Antibiotic resistant bacteria were isolated from livestock wastes and the resistance patterns were investigated using
various antibiotic agents. Also, a gamma ray was tested regarding the aspects of the effect on resistance pattern and the efficiency
of disinfection. Among the isolates, Esherichia coli and Brevibacterium sp. showed the most serious resistance patterns. Esherichia
coli had resistance against 9 agents whereas Brevibacterium sp. against 7 agents. It can be suggested from these results that the
abuse of antibiotic agents will cause a serious mutation problem even to Esherichia coli which is ubiquitous in the ecosystem.
Esherichia coli could be easily controlled but Brevibacterium sp. had a moderate resistance to the gamma ray under low doses.
In the case of Brevibacterium sp, more than 2.0 kGy of a radiation dose will be required in order to achieve an enhanced efficiency
of disinfection.
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W

Aol olgatdnt” AT ARE FFHoR FAsE
5 SA R £Fo 7 5 g2 F3fA] EC broth (Difco, 231430,
Becton Dickinson and Co., Sparks, MD, USA) 45 mLo| &
B F 45TAA 20402 STk Sl 10
uLE eosin methylene blue agar (Difco, 211215, Becton Dic-
kinson and Co., Sparks, MD, USA)of| =% & 35C o)A 18~
24X17 Wioksla 44 B ekl A 3-54E el Bl
t}. 223t o+5= nutrient agar (Difco, 234000, Becton Dic-
kinson and Co., Sparks, MD, USA)o]| =% & 35CojA] 18~
24X7F ZoF wjokatgict wijoFE #& API kit (bioMe-
rieux” SA Marcy-I'Etoile, France)S ©]-&3lo] Hal - 3
stplem, ofof ZE|Eojxl =0 s PCR (polymerase
chain reaction)2 AA|glo] #2 FAF O, PCR =4
I} Primer= Table 13} 2¢f JehiQich

16S rRNA Sequencing2 51921, 1,400~1,500 bp= 27}
Z] 2] primer 518F-CCAgCAgCCgCggTAATACg?} 800R-

Table 1, Operation conditions for the PCR amplification of DNA
0 HEADER

1 LIDHT 100C ON 10 min
2 LOOP| 35 cycles

3 TEMP 94T 45 sec
4 TEMP 55T 60 sec
5 TEMP 72T 60 sec
6 LOOP]

7 END

chetalz 2ats|R| | %327 M73| 20104 72 |
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Table 2. Primers of amplification and sequencing

Primers
o 27F AgA gTT TgA TCM TGG CTC Ag
amplification
1492R TAC ggY TAC CTT gTT ACgQACT T
Reference 800R TAC CAg ggT ATC TAATCC

TACCAgggTATCTAATCC Universal primerE AR8-3l$th
Sequencing Big Dye terminator cycle sequencing kit v.3.1
(applied Biosystems, USA)E o]&35}o] AA|3ISTh

22. 22| - SHE 2O FAH LY A
A el TR Ad 2ALE SIstel FAbelolAl B

o AMEHIL e Al dHA = FYA 135 (amoxi-
cilline, ampicillin, nalidixic acid, gentamycin, tetracycline,
streptomycin, vancomycin, trimethoprim, lincomycin, sulfame-
thiazole, oxytetracycline, sulfathiazole, chlorotetracycline)16)
= e EeE dFE0 A A AR
(Table 3). =& 3 =EEHH|25E &E2d 2429 w50
el 13704 A it WS 242 Assiich. 34
Al 44 A]EL BD BBLTM Sensi-DiscTM2- 0|83 t]
23 3HAH(disk diffusion method) S o83ttt 7H4=A
Ald A} S Muller-Hinton (MH) brotho]] 35C, 2~84]
7t wjokste] & HE=E Table 49 vteERH F AT McFar-

Table 3, List of antibiotic agents and the concentrations used

in this study

Antibiotic agents Concentration (ug/disc)
Amoxicillin/Clabulanic acid 30
Ampicillin 10
Ciprofloxacin 5
Erythromycin-H,O 15
Gentamycin 10
Lincomycin 2
Nalidixic acid 30
Oxytetracycline 30
Streptomycin 10
Sulfamethiazole 25
Sulfathiazole 25
Tetracycline 30
Vancomycin 30

Table 4, McFarland nephelometer standard

McFarland standard No, 05
1% Barium chloride, mL 0.05
1% Sulfuric acid, mL 995
Approx, cell density (1 x 108 CFU/mL) 15
% Transmittance 743
Absorbance* 0,132

* Absorbance at 600 nm

land standard #0.5 (1.175% barium chloride dihydrate + 1%

sulfuric acid)2 =43t & MH agar (Difco, Becton Dickin-

son and Co., Sparks, MD, USA) ZHol| 127 =E3}

th FtAl QA5 ARESH] WA of s 35 CHl 7] ol A

16~18A]17F vjoF & + 2} A|(inhibition zone)] Z7|E 7]
=

. 1 2] 18,19
ssto] ged oRE WY

2.3. A0S O|Set YN LHSH2| HREE
Ui A

A

o

gtof, =R =i EH|=HE |
Esherichia coli®} Brevibacterium sp.ol| tjs| Z+z+ za}
Z2ARSE] AL AS0] RS S skl AR gk A
TEES ASsAh 2AYCRE Co¥ b 2AAA
(Point source AECL, IR-79, MDS, Nordion International Co.
Ltd, Ottawa, Canada, 300,000Ci) (1Ci=3.7x10"" Bq)& o]&
3l al, Aol 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9,
10, 20 kGy®] & FHARE ool B8-S Bk

dubd 24 AFS] F4E ST AFEES )
7] glato] Zizre] AL Tt AlRE QA4S
sto] A4S SRSk 247 BoE 255 47
50.85% NaCll| 3J45to] Fasket 5 ABol AHgst
t}. Nutrient AgarE AF&3}o] 35T oA 16~18A]7F vljoF
RaL, WA E colony ] =& SQto = Al4=5ko] 335]9] 4

forming unit (log CFU/g)Z e STt

3. Zn Y

3.1. dAE #e| 22

Enu BuEuleld 27} 11, 127)9] FRE g Bels)
Fom, B FE5& =X A3} Esherichia coli, Bacillus
subtilis, Brevibacterium sp., Rhodococcus sp., Corynebacterium
p.EER TS & 4 Atk o)== Corynebacterium sp.
= 97\, Bacillus subtilis7} 67\, Esherichia coli 47Y, Rhodoco-
ccus sp. 370, Brevibacterium sp. 1719] HlE=2 E2| i)

w
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2o B2 o) Aol e

(disc diffusion method)2. & Aol 3t WAHEAS
Apateieh. ERolA el E. coligh EREU0A £el
Brevibacterium sp.= FAA 91} 7E0 i3] Zz A
o Uehfo] 4R R SRIEA. E colit tetra-
cycline, sulfamethiazole, streptomycin, erythromycin-H>O,
ampicillin, lincomycin, oxytetracycline, vancomycin, sulfa-
thiazole©] A 9Fol FAFA o gt h/do] vrebten,
Brevibacterium sp.= 7559 YA =, tetracycline, sulfa-

methiazole, streptomycin, erythromycin-H,O, ciprofloxacin,
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Table 5, Results of susceptibility test for £ coli and Brevibacterium sp.

Microbe E coli WD01% Brevibacterium sp. DA01%
Dose

Antibiotic kGy 0 0.1 03 05 07 09 1 0 0.1 03 05 07 09 1
Tetracycline . ) . . . ) . . . ) . . ) )
Gentamycin
Sulfamethiazole . . . . . . . . . . . . . .
Streptomycin . . ° . . . ° ° . . ° . . .
Erythromycin-H20 . . . . . ) . . . ) . . ) )
Ampicillin . . . . . . .
Amoxicillin/Clabulanic acid
Ciprofloxacin . . . . . . .
Lincomycin . . . . . ) . . . ) . . . .
Oxytetracycline . . ° . . . ° ° . . ° . . .
Vancomycin . . . . . . .
Sulfathiazole . . . . . . .

lincomycin, sulfathiazoleo]] A A2 UElFHTHTable 5). Bre-
vibacterium sp.2] 9= FAA] WS UEl= 45
2 ojn] mig up ek o Aol ©J5kw Brevibac-
terium sp.~= streptomycin, tetracycline, kanamycin, erythro-
mycin, gentamycin, neomycin, chloramphenicol 5|4 WA
S yehdcta Bugek’ B colif] A dAE B2
AdAAle] ttFom EASt= GREA ] F3olH, Al
e2H7] Aole FA8A ]t Widel §f
e Fchst GgAe] = E
S0l A QL ofgtar & 4= Stk ffof yERd BRe}
o) E. coliv= Brevibacterium sp. 2.t} T AZ15F ThA|UA
<= UEr ATk

1ot 2ol 952 FAA ol thsl WS 71 E. coli®t 7
9] Al sl WS 7 Brevibacterium sp. ©]9]
of 27}A] Al A= thE FAAl Wdol e Tl
diehA =i =2EEolA BeE 45 5 A WA
o] el w55 dobHgith

Bacillus sp.?} Corynebacterium sp., Rhodococcus7} Y
A WAddS 2 YeEbtth Bacillus+= tetracycline, streptomy-
cin, ampicillin, lincomycin, oxytetracycline, vancomycin®] 6
5ol gt A Widel yelgtew, Corynebacterium
sp.+= gentamycin, ciprofloxacin, lincomycin, oxytetracycline
o] 4FFol it FAA ol HERETh ERE Rhodo-
coccus+= nalidixic acid®} lincomycin®] 2Fof thst YA
Widol yvekstth

WA 2Abe] WE 529 A A 549 Hek=
HIARA ZAF A2 o] T AT Aol A $h(inhibition zone)A
A7|HSIE ¥us] & 4 =Y, E. coli® 7S~ gentamy-
cin, amoxicillin/clabulanic acid, ciprofloxacin®] tj3f], 12|
a1 Brevibacterium sp.~= gentamycin, ampicillin, amoxicillin/
clabulanic acid, vancomycin, sulfathiazoleo] tf3] z+Z} <14
3+ 3719 Halrt vEldti(Table 5, Fig. 1). 345 Fig. 1

of vrehd npel o] ojAghe] A o
A 2L oJA|ge] A7) %Q}% FEE
A eFoket.

5
—- Gentamycin
4.5
—&— Amoxicillin/Clabulanic acid
—a&— Ciprofloxacin
E
E
o
=3
g
=
=
2
=
2
] -
0.5
0 L L L L L
5
4.5
4 =
35 +

Inhibition zone, mn
(=]
th
-

—4— Gentamycin

1 —&— Vancomycin

—=—— Sufathiazole

—&— Ampicillin

— B Amoxicillin/Clabulanic acig

0 01 02 03 04 05 06 07 08 09 1

Fig. 1. Size distribution of inhibition zone corresponding to irra-
diation dose, (a) £ coli (b) Brevibacterium sp, Each point
is the average of triplicated tests,
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% upHe AR AT AR e L HE

o 0.1 kGyol|A] 83.24% % A% HO=Z et ow, 0.3
kGy o5 Atago] 9% s W Ao d+ta
80| & Ao R YEYTHFig. 2(a)). L&Y} Brevibacterium

~
£S 97 YA 1.0 kGy o|Ate] ZAMAHS a7 5}
= Ao= YETHFig. 2(b)).

Hopd 24 & F HFF0] Atag ZA3k= Table 637 Fig.
3ofl Ut Q). E. coli®] 79 Fmbd-g RAFSHA] 92 Al
RO A& 2.4 x 10° CFUMLS] A7} et vhal, 2AL
o] Z71stef| wat AN 0.1, 0.5, 1.0, 2.0 kGyol i3l 2t
ZF 1.3x10% 1.9x10° 1.5x 10° 2183 4.7 x 10° CFU/mL
o] An}E 1}l 9] 3 (Table 6), Fig. 30428 log CFU/g
© 2 FRikete] UERH ARl whel A7 d A 3]
At AL 3elskin)k. 2o Hbsl| Brevibacterium sp.2]
Aol 2ABHA g2 AR Aol 43x10° CFU/
mLo] ZHe HEAI, ZAREF 0.1, 0.5, 1, 2 kGyo|| tj3l] 2z

wi |

60

40

Disinfection efficiency, %

20

120

80

60

Disinfection, %

40

2

0.1 0.2 03 04 05 06 07 08 09 1 2

Dose, kGy

Fig. 2. Disinfection efficiency as a function of irradiation dose
of gamma ray, (a) £ col (b) Brevibacterium sp. Error
bars indicate the standard deviations of data,

Table 6. Results of microbial disinfection after gamma-ray irra-

diation

kGy E. coli (CFU/mL) Brevibacteriumsp, (CFU/mL)

0 2.4x10°+£37 4767 1.3x10"+12.3423
0.1 1.3x10%+11,9304 9.2x10°+11,0151
02 4.0x10"+291605 46x10°£9,0184
03 1.1x10"+7.7674 45x10°+9 5043
04 5.8x10°+6 5574 4.4%x10°+2,0816
05 1.9%10°+57735 3.4x10°+£8,0829
06 1.4%10°+19,1398 26x10°+32145
07 8.9x10°+£12.5033 25x10°+32145
08 1.9%x10°+11,5326 1.2%x10°+5.2915
09 1.8x10°+57735 6.6x10°+£6.4290
1.0 15%x10°+10,7858 52x10°+11.5902
20 47x10°+£4.5093 48x10*+13,0000

* standard deviation
10
- E. coli

L —&— Brevibacterium sp.

Colony formed, log CFU/mL
N W R WL oo N e e

I L L N L L L L L

0 02 04 06 08 1 1.2 14 1.6 1.8 2
Dose, kGy

Fig. 3. Results of disinfection tests using gamma ray irradiated

samples, Each point is the average of triplicated tests,

1.1x10%, 43x10% 12x10° 22|32 6.5x 10" CFU/mLY]
AFE Vel QictkTable 6). 3] 2.0 kGyol| HisjAs= E.
coliol| H|3|| oF 1004} H=o] o Ada8S Vepyqlch
ol A AFH v} Q= Brevibacterium sp.2] ZrobA o

gt el ofs vrehd Aol Aes AbmEh

4. 4=
PR d§E Aol AFHE A wED, 23 of
Wet FYARE N2 4 g wourEolE 2uA)
5o A% 24 dosm ek BAF EAfshs
A L olo] o3t WA HAF BUEY B 54
T o SRR, BEe] ARPAA Aol 9
o l
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A Wd+tel 2EAEE ASshr] Sl A=
25E 2 75 2Este] dix A Hiet WA A
g uobst Ax), E=Ro|A EEE E. coli= tetracycline,
sulfamethiazole, streptomycin, erythromycin-H,O, ampicillin,
lincomycin, oxytetracycline, vancomycin, sulfathiazole®] 9
%, =EHolA
sulfamethiazole, streptomycin, erythromycin-H,O, ciprofloxa-
cin, lincomycin, sulfathiazole®] 7o) tjsl] 2tz WAS 7}
A= BAWEte Rz SIEQIH. o] &,
tetracycline, streptomycin, ampicillin, lincomycin, oxytetra-
cycline, vancomycin®| 632] Ao tjgt thA] WAlo]
YEl e, Corynebacterium sp.~= gentamycin, ciprofloxa-
cin, lincomycin, oxytetracycline®] 42| grAyA|of ojst c}
Al WA o] UeElt o, Rhodococcus= nalidixic acid9} lin-
comycin®| 2F2] A thgt /o] Hebth

9 T 7HA diE AW AER] E. coli®; Brevibacterium
sp.oll el oS o] &3t At Y-S AT Auh E
coli= ZUHAE o] 88 HEHOoR M@t 4 ol L,
Brevibacterium sp.= AAgFAN| A ot digh |Ad-S
Eftfo] iAoz oS o] 83k Aloj7h &olskA] 9%k
t}. ol ZAF 3 Brevibacterium sp.= 2.0 kGy Q| ZAEF
off thall E. coliofl Hlsll oF 1008 W& HAtaas HYe
24, FAA O tig W £ obidol digh g E3t
2 Ao ekt

B85 Brevibacterium sp.~= tetracycline,

Bacillus sp.~=

T
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AL AL

o 20099 AR(wSEr|eR)o] AQPo R st
ﬁ?LZHEH AL of 3 7|2 AFARY (A 2009-
0071708) % A& AN EARA (A S 2009-0062216) 9]

An] Aoz Susiglon] gabel & EFh

HuZe
LB, AR Aoy, o)l Al
A
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