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MS2AA| B0 22|18t Lactobacillus sp. JK-82| M2|X SM

o] A A)-§-9F4 Aol A 1-2] R Lactobacillus sp. JK-82] A 2] A 54L& 79 3817] 935t AA=H S TF JK-
82 MRS w] A ol A ull oF315 3L, Fef) © A 2] 8HA EA] ol ol }o] 2A}s}4].20, BIOLOG A 88§31 o] Al
& Lactobacillus 422 FA H . vl F7] 71 5-2bol] T3 JK-8¢] A A= pH ¥ 315 2ALslH o0, YA ==
7] Ak(actic acid$} acetic acid)-2 JK-8 vl <] A A3} v] =) 8= A& 81314 o). Lactic acid$} acetic acid®] 5=
= 747} 192.8 mM3 43.6 mM o] %12, Z7] pH 7.02 v 7] 759} 3.82 ZHAstg ). 8714 A A4 A ol 3}

o 5ul 2 F59 v g s Aol A 23t AFEAE 2AEIE 2, o] AFelM ZE A A TE

& wl) oF 34| 21

o] ol st 3} A= Qi) pH 2 & 314] 42 JK-8 v Fol| A AL A F-E-ol] o) 3 AR H7} Q= A o) #F
Helou, pH 2AHE v ol A A9 FFH A gttt AFAHE-Z A lactic acid 2} acetic acid2] £-2]517] 9
3l HPLCE AME-31%121, GC-MSE °]-4-3lo] o] & HAMIES Faslih
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FA e 258 553) s Y & RokEA,
27l g 949 A met IEY FaUt ASHeR
7Vt AAAY Fade] AT Qlck fEveks Aol
HIEE A AQe] thR-Ee] WZ o] nitt YYo= o]gE I gl
o, Ysox B A7 £X3a glo] v gel=
Aol Bokx L iTk(1l).

F2e Ak FelA LR ARSEAY EEH ] o
3} o= Aol HMHHo] Atea HAA Mot 7|4
ol o3t #gol A @) Fuste A9v) 2ok, 17). &
A FUelMe AWAE 2 ZAdus YA OE e ALS
o A71=o] o FF2o FAAS] AL Aok, o] 3k
A AL AR WS Zte AEY F7HE 23]
Al FHa Wdee AlellAl A9E 4= glo] o] ApA9] A
Aol stmjo) A A SH oz Kol AFoF 2
A A8 Al AFES v 5 Sl 53] FAA Q] A&
AREE oM Malske Fo ATEY B8 338E A=
2 7 "wolz|Ee] o) de] AA WA mAES] o] &
S| Hths, 19). WA, YA FHE-S Ak AE o
& 4 U= probiotics®] 7iEo] BH o2 iFE I it}

Probioticsi= AFg v 2o i3] Al &5 HdS /i
AlA SFo0Al 73 2HE F= AolQle VAR v ®
= &8 oFES 93, olE Al A TFe] st
Falale] Ao Ao wE Fuibs A A L A o,
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RE Aoz daA vk, 16). LEY probiotics?] ©)Ho] &
A o2 AEEerl el S85 Atk o2’ vt
Aok 7he ], HiZoll =290y WYl E Eehs ¥ A
FY AXFEAAME T WAL FA A FAE E
8739 713 E A FAAE HAY HLOZ probiotics?] AT
7} @8] REsoja ok ES YEAMT G2k F2elA
v AES AW SA S 75 T UATKE, 19, 22).
Probiotics24] @] o]-&HI e FEH nBES idkd
(lactic acid bacteria)©-= Pediococcus, Enterococcus, Lactobacillus,
Lactococcus, Leuconostoc, Bifidobacterium o] 9}3}(7, 17, 19).
E-3] Lactobacillus$} Bifidobacterium2 probioticsZ 717 o]
ol &3 A=, Lactobacilli= AAAAR g o} FE9
I EEAF FAME A T, SrslEE HE A S
) ke & A= el 548 7T 3vk10,16). TR
Lactobacillus -2 THXgE Al gt gw8A4el g 47t
Zol AYPHT Qd=d), FEFA AAZA organic acid,
hydrogen peroxide, reuterin, diacetyl, acetaldehyde L&
bacteriocin 5] BI1% 51 QUH(, 21). Lactobacillus ) A2}
T bacteriocine 15 3, &4 Aol vis) W g AHE
1S 7IA1 YJe Aoz BuEw ks, 13, 18, 20). Beatriz
5B)2 Lactobacillus plantarum 11441°] 2la|A A E=
plantaricin C9] &4 ARoA M Eutel] Fgo] FolA 17
24 A A7) Aoty Bud v) glck =3 Michael 5
(12)¢] A1l A Lactobacillus reutei LTH2584°1 &]3] A=<
reutericyclin® Bacillus subtilis®} Bacillus cereus®ll h3l =3
& 25 WAEA Bl oAl B mskct.
ekt A A Ale-2] R 20019 =9 3,250 010
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o] 200395 ¢k 2,1008 08 T4 ZAHYed ol 948y
717b5ol dHAYS =08 ote) Aol £ Ao g B
BAA £4-8 43 e AAeloh.

B Ao Me A2l B2lg Lactobacillus Fol Wik
ABTH EAZALE 319eH, o) #FE 0|83l sl EA
PAA ool WS dodle g 7R WA gk Ay
& ZANELD, g EA7)7)E o)85e A B ERIsTh

Mz W Uy

0| 8ot Hi k=

2 Bk & £dFsh B gt AR
Aol A HH3 BEAEE 03% CaCO7F EFE MRS (Difco,
Detroit, USA) A HAux|o] =2ala 25°Col A vigste] =
ool Alo] BFESLAL, sheep blood agar BiA]o] =EEle] H]-&
gAdo] E1E ddAlTre A8 8l JK-80= HHsAt
Bl 2] €1F 34 (aquarium system, Instant Ocean, Sarrebourg,
France)S ARES}ed A|Z28kc) Aol AL 33454 (V-550
UV/Vis Spectrophotometer, Jasco, Japan)S ARE-3le] 33 660 nm
iAo FFez JehiQck AT JK-8L HiR|o] HZslo
25°Cel A 1 160 3|2 3|k 8 vl dr]o) A wf st

22| Me| di| 8letx 54 =AY 53

B AT JK-8& MRS A BTl A|o) N @ o] RS
glata, 2 AN & A AP e s Ade] FHy &
g 2ARIAT. 22l Aol A Age S48 gl W
oll olate] HAJSIATHY).

el Al IK-89] TAHL oy /A sy Ags
GP2 Microplate™ Identification System (BIOLOG, Hayward,
USAYE o]-&3ld T4 ARS8 WA= BUG agar$t 5%2]
sheep bloodE E#ste] WEUD A7 dHAS Biolog
Turbidimeter (BIOLOG, Hayward, USA)YE ©]-&3}e 20%7+4
B33 GP2 MicroPlate®] 96701 welloll Z}2} 150 ¥ &-5-3}
R, 30°CoNA 4-6R13F F<F HiFeIATH M YE MicroPlate]
Avb= A3 #R1819.2. 1, MicroLog™ database softwareS- 5
3 FA AT

M2 JK-82| HjFAMS ol K| =

v dede ohe B A gk AeE S 2ABP) 9
alo] WA Schellinger(21) ¥l what vt AS5HL Az3kY
o} B AT JK-8& MRS broths] HF3l] 25°ColA] 4847t
S w3 2,000 x gollA] 1087 A4 BEste] g A
78Il 0.2 um syringe filtler® AAF & FARZTNE o835}
s F=3kAct

55 (g A5 A7 5
A TEQ  Staphylococcus  aureus, Streptococcus  pyogenes,
Escherichia coli, Salmonella typhimurium, Shigella sonnei, Vibrio

Ag-oF2lAdol A B2l Lactobacillus sp. JK-82] A28 £4 19

parahaemolyticus, Vibrio harveyi, Edwardsiella tardas ZYZ} 9
AujR)e] HESF 3 WFAZ7E AXHAA 2 660 nmoll A
OD. #°] 0.8¥ wf, AAEEE Frl ¥ 2,000 gollA 10
7 QAR E AAEE S HEa Hojzl #AHE 10
ml phosphate buffer (pH 7.00Z 33) A& AT Zzhe] diahA|
< v A2 5] 55 v dEded Add HE 520t
107-10° cellsyml BA HEF3AT. 558 WiFdsd o= Aeld
ol tIANTE ZH2 308 7HFo g mAMiA el 100 WS B
Tgsle 25°Coll A v 5 B3 AES Al w599
T k&A1) W2 7} Al APEES S

e gel

kg dol A dojz FHulFds Rl gHHLS plate
diffusion assay & B3t ERISIATE tdAlT-S FGulA
9} brain heart infusion (Difco, Detroit, USA) LA} A]o] wuta}
3 paper disc® £EES &, FHNEEEY sope FFAIA
37°Col A 24712t AAAIA disc T AYE FHUY] 2715
33t

HPLCO| 28t /7|4 24

Al JK-80l 9J3) AAHE F7it B4E 93t HPLC
2 A3 240 ARE-E HPLC systems SPD-10A UV/
Vis detector7} 28l Shimazo AF2) LC-10AT A|EF-& AM-31%
2, Supelco A+9] Supelcogel C-610H Z H (300 mm X 7.8 mm,
AAE=7] 9 um)yE o]-8-3l¥ T} Mobile phase= 0.1% phosphoric
acidE F=373°] 0.45um membrane filter (Pall-Gelman, East
Hills, USA) &j3}3la] AFE3E T HPLC 2F5Z 94 mobile
phasegl flow rate™ 0.5 mimin®} P o™ UV detector®] HA-&
210 nmO. & graro] A8ttt

F7PEe £48 BEEH g o 2R YFg A5 o
Ao 2 ARG} Lactic acid®} acetic acid® 2+t 1:19]
H &2 &3l EFEFL WERNOH, 045 um syringe filterE
&l¥}3kal, 10 Wl Hamilton syringeE AH8-51e] HPLC injector U]
o] FAlsl] HBFEAS A3 EFA-L FAISH T vk
o] AAHE F7IREE A7) Hsle] AT A8 2,000 x gol
A 1087 YAE23 F 045 um syringe filter® &3}3te] B
skt

GC-MSOl| 2|8t 77]4t &0l

At K89 o AAE F71ake GC-MS H4S B3}
o FTFRE ZF5¥Y. AHEE GC-MS Al&=ElS electron
ionization dectector’} Z¥ Shimazu A}2] GCMC-QP5050 A
Fololon, AHL Shimazu AFS] CBPS-M25 capillary Z#H (25
mx 0.22 mm, YAZ7] 025 um)yS A& GC-MS FHEE
AN carrier gase -Fo120H, flow rates 1.5 mmin®] F
Z=E 3191, injection volume 1pl, injector temperatures=
250°C, oven temperatureol|X] 80°CE Al&3le] 10°C/min AF5A]
A HAF 2=7} 270007+ B W7kA] & 158 £43559 MS
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data¥ Shimazu AF2} library (NIST, Shimazu Co., Japan)S ©|-8
st BAET AR ERlE WYL Z2REH QAHS ARE
2000 x gollA 1083+ LAl A5H S FEAX3Y 71
< A A3}, dimetyl sufoxide (Sigma Co., St. Louis, USA)°]|
=] .45 um syringe filter2 oJsked ARESIATH

Zzt o ng

Mze 22| % §4o

A -F2Gol A AFHZ BASZHE 03% CaCO7F THH
MRS ZAHH w2 A FHE F38= 3] ke Al
itk AEE fATE 7 284 A1EE Sel vEsEA
o2 FlF #F2 JK-8& Azt & Aol A8t

e e 18 4S8 B3t sk £48 Ak
o, At dnjF oz Fask Ay 17 Al TE e
FEHU. o] Az Ao g EFHSITE Table 1914
HolF= ulel 2], indole AR Qojr S22 Ve
o1, methyl red AgollM+= ¥4, 2231 Voges-Proskauer A8
s SA4oE ZAIEAT Klingler iron agar B XA ZA}L
& disulthydraseoll 213 H,S9 AL FAHCE UEygion,
gelatinase®} catalase?] EA] H- A|FAHME o= Y
t}. Oxidase EA] 3459} starch ¥3) o AP E A=
HRJHAL, wrease SAAFNAE SAHLE FAHUTH
Simmon's citrate ©]-g-JFo M= Ago g EIEO M, lithmus
milk A& 4 T E 3} peptonizationy= ©]F0] X A] et}

ez &3

Qe 9 ARl BA2 BRE 47 K80 vkl
TS AABIATE JK-89 thdte] ThFst Al ol 8o RE F
A3}= BIOLOG system® AHE3IT, 1 A7E Table 291 1}
ERATE. MicroLog™ database softwareZ )83l B8t &
2}, JK-82 Lactobacillus plantanumZ FZHJ o0, B A5

Table 1. Morphological and physiological characteristics of the strain
JK-8

Morphological characteristics
Cell shape
Gram staining

Physiological characteristics
Indole production -
Methyl red +
Voges-Proskauer -
Starch hydrolysis -
Gelatin hydrolysis -
Catalase -
Oxidase -
Simmon's citrate +
H,S(KIA) -
Litmus milk (peptonization) -
Phenylalanine deaminase -

Long rod (approx. 5 pum)
Positive

Kor. J. Microbiol

Table 2. Physiological and biochemical characterization of the strain,
JK-8 using the BIOLOG Analysis System

Physiological & biochemical tests

‘Water - D-Tagatose +
o-Cyclodextrin - D-Trehalose +
B-Cyclodextrin - Turanose +
Dextrin +  Xylitol -
Glycogen - D-Xylose +
Inulin - Acetic acid +
Mannan - o-Hydroxybutyric acid -
Tween 40 - B-Hydroxybutyric acid -
Tween 80 - yHydroxybutyric acid +
N-Acetyl-D-glucosamine  +  p-Hydroxyphenyl acetic acid -
N-Acetyl-D-mannosamine -  o-Ketoglutaric acid -
Amygdain - o-Ketovaleric acid +
L-Alabinose - Lactamide -
D-Arabitol - D-Lactic acid methylester -
Arbutin - L-Lactic acid -
Cellobiose +  D-Malic acid -
D-Fructose +  L-Malic acid -
L-Fucose +  Methylpyruvate -
D-Galactose - Mono-metylsuccinate -
D-Galacturonic acid - Propionic acid -
Gentiobiose +  Pyruvic acid -
D-Glucoenic acid +  Succinamic acid -
o-D-Glucose +  Succinic acid -
m-Inositol - N-Acetyl L-glutamic acid -
o-D-Lactose +  Alaninamide -
Lactulose +  D-Alanine -
Maltose +  L-Alanine -
Maltoriose - L-Alanyl-glycine -
D-Mannitol +  L-Asparagine -
D-mannose +  L-Glutamic acid -
D-Melezitose +  Glycyl-L-glutamic acid -
D-Melibiose - L-Pyroglutamic acid -
o-Methyl D-galactoside +  L-Serine -
B-Methy! D-galactoside +  Putrescine -
3-Methyl glucose +  2,3-Butanediol -
o-Methyl D-glucoside - Glycerol +
B-Methyl D-glucoside - Adenosine +
o-Methyl D-mannoside - 2-Deoxyadensine +
Palatinose - Inosine -
D-Psicose +  Thymidine +
D-Raffinose +  Uridine -
L-Rhamnose - Adenosine-5-monophosphate -
D-Ribose +  Thymidine-5-monophosphate -
D-Salicin +  Urudine-5'-monophosphate -
Sedohepulosan - Fructose-6-phosphate +
D-Sorbitol +  Glucose-6-phosphate -
Stachyose - Glucose-6-phosphate -
Sucrose - D-L-a-Glycerolphosphate -
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NME Lactobacillus sp. JK-82 FH o}

£o|Mel MEof w2 pH Hate} ety

M- koA B3 Lactobacillus sp. JK-8& MRS A
Bl Al FEskar Ade] AT Fo1 A, 2Ela vzt
o] pH ¥W3}E N7t 71 Ao ® 245 UTHFig. 1). Lactobacillus
sp. JK-8& HloF 12A]7F o] 57 36A177HA] wheE A BASIAL.
), o]9} BHsle] pHE FASH TAHSA vdz719] pHE
7.00]1%21} 48A]710] A\t #F pHE 3.82 S =AU JK-89)
AR W2 F7 A9 HPLCS ©)-8-38ke) ik 493 A,
ujFA|7te] Aalge] wel pHE Ao oo yia|Hshe]
lactic acid®} acetic acide &713k= A2 Uehdth HESA
48417 At T lactic acid®} acetic acidys ZHZ 192.8 mMF}
43.6 mMo] AAQE AL ©o] EejHFE ol F7IHE WA W
2 2ulste] pH 7ol AP A0 98 v Re] RIHA
t}. Elisabeth 5(6) frolX E23 Lactobacillus 3
Lactococcus 0] lactic acidZ AAA1A vl 24471 0] 3 pH
E 5 o)5}2 ZFAAF) I Bacillus cereusS) B3-S QAT B
a3t v} do}, E3F Schillinger 521y Lactobacilluse 2438+
E&HE] lactic acid®} acetic acidE FAIS pHE Z4A71T &
TEAAE Vehdtla Bt

2] 0% JK-82] T84 UL plate diffusion assay B
& olg3l] HiF TS At =EAA FaeEde &
At vigFrIzrel Azl whet disc Rl FEdE A
A= Aol BEEUT. Ogunbanwo 5(14, 15y Lactobacillus
sp. OG1o] 3 3FEZ A tik AFolA 937158
FHEAS st Ao FHEAE HdZ B o
A7) Fazlo) Ae g vERdtia RusiE B
AT} Haste] FU =AM 8§ Lactobacillus sp. JK-
11 JK-80A] BAEE {7140 wlwste] A3 22 g
45.7mM lactic acid®} 11.8 mM acetic acidE AJAJ5}1.o1, ujf
ok 4877k o] F o) pHE 7.0004] 542 FAaEch 2 IK-
11 vjekol| A AFEANE 7FAE 4 kDa® bacteriocin®] A3 E =
28 NS ATHIK-119] s £ =il TFsHA] &kska).
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Fig. 1. Growth of the strain JK-8, measured as optical density ( O ),
associated with the parallel formation of lactic acid ( @ ) and acetic acid
( &), and pH changes ( A ).

A e-f2ldol A B2l&t Lactobacillus sp. JK-89] Ae)d 54 21

LOG CFU/mf

Time(hr)

Fig. 2. Killing of pathogens by 5x culture supernatant of the strain
JK-8; control ( O ), Vibrio parahemolyticus ( @ ), V. harveyi ( 2\ ),
Staphylococcus aureus (IR), Salmonella typhimurium (L), Shigella sonei
( &), Escherichia coli (), Streptococcus pyrogenes (@), Edwardsiella

tarda ( 'V ). At each time interval, the number of colony-forming units
per ml of culture was determined.

S5 tigoSHol it Hald Mo d7E

A dE Aol g WA At Ag-g 338 AsiA
EAHT K-8 BT RS sull TFAIR E, o] FFATY
S Al ek2lolM FhA) WA Al (potentially pathogenic bacteria)
07 ZrEE 7R Altell diste] =271, 308 AR
BHorEste] 28-S S HFig. 2). Vibrio parahaemolyticus
&} Vibrio harveyi= 30%-0lldl)] 25 AVRRO Lactobacillus sp.
K-8l 7+ 978k Aoz JePST). Salmonella typhimurium,
Shigella sonnei®t Edwardsiella tarda’= W d5dd &R 1
Ajzbo] AAA Hyg A8 F QN C™, Escherichia colie
AIZE ool FEg #EAHA okt TP AT
Staphylococcus aureusS} Streptococcus pyogenes= TN B
A7stdA =E2EH F 22 1AE 3087 3/ el B AL
23U

JK-89] EZE 18] A3t catalase® *2]3kil pHE
FHOE WE FF MGAT MSHA &2 FTAE plae
diffusion assay HYOE B WM RTHFig. 3). HUT
parahaemolyticus, Vibrio harveyi, Edwardsiella tarda®) )8k
T84 AN pH7t 2EHA] B2 53592 T3 7
A7t BAHAAE, pH7F Z8E F5 v M= Fiol ot
2t Fu|gt BHUE HAEAG A FAHA Gt olHd
A2s BaA B, JK-89] A ES F2 wiYrIzhEet Ags
T 713 7108k dhs Ao g AlR g

|

4
;:}
3

of, ot

HPLC2t GC-MSOll 2|3t 774t 24

Lactobacillus sp. JK-82] vk 717HE<t A A2 A |y
oA AEE F71kHE AL B8R0 gz ALY &
AR e Fr7iake] wiake] W) wet JK-8 7o) A
A vlgsle] A AT PoiA vjdd A|lE= HPLCE o]&-
Bl BA5199.0H, lactic acid®} acetic acid’}F £ authentic
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Fig. 3. Inhibition of target pathogens by 5x culture supernatant of the strain JK-8. Filter discs soaked with the supernatants were placed onto lawn
plates of Vibrio parahemolyticus (A), V. harveyi (B), and Edwardsiella tarda (C), respectively; pH of the supernatants were adjusted to 7.0 (1) or

non-adjusted (pH 3.8) (2).

standard®} Bl &} 16.326 mind} 19.301 mindll A FD3} peaks
7} SR AR Fig 4). olF F peakst AHH R 242 lactic
acid®} acetic acid® HHE3IC}.

Hj ol AE R71RE SI8H] At 48417t gt
Hgd S AL & T2 AAY F DMSo FHA 1
us GC-MS9) injectiondte] 438} t}(Fig. 5). GC-MSE £4
3 A3}, retention time®] 2.850 minS! peak A acetic acidlS.
™ 6492 min! peak C= lactic acid2 F1FH AT}t Retention
time®] 5.517 min?) peak B £4E $13F Sul= A18-H DMSO
o o)E peaks ZHz} MS libraryS S8l 1= gich

2k @A Aol o3 BEg vAEY] dpade B d
77t AYHD glen] ol the B2 Bilol IFHL Uch
Aslim T2y X2 Az gt fribd 1952 Staphyl-
ococcus aureus, Yersinia enterococlitica, ~12)31 Escherichia coli®l
el B aAE 7HRI0A B uEich. B3 Bemet-Camard 5 (4)
2 Aol A B-2l8 Lactobacillus acidophilus LA19) Staphylococcus
aureus, Listeria monocytogenes, Salmonella typhi-murium, Shigella

o d

Ol

p

flexneri, Klebsiella pneumoniae, Pseudomonas aeruginosa, 18|31l
Enterobacter cloacae®} -2 HQA Aol diaf AaE0E e}

wAbs__ Peak 1
! P]"‘k 2 Peak 1
soc ' , Peak 2
Peak 1
Peak 1 Peak 2 [ Peak 2 :! l
i J
' 15 min [ [ ! J [} i .
I ‘ ‘
] ! /i ‘
o . FANVAN I JL AL - J ‘ L
A) B) © @)

Fig. 4. HPLC chromatograms of a authentic mixture (A) and of
culture samples of JK-8 at the beginning (B) and after 24 hrs (C) and
48 hrs of incubation (D).

= Zo2 BudFet 22v} lactic acid ABAANTO] Rk A
Felwo] oA HAlEE AHE M EHor ATl
At Aol #xE vl gick, B I &F o] BMTFE 3
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B ATE Aol FASATIIRAY S ALE ol
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.
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Fig. 5. GC-MS data for the culture analyzed after 48 hrs of incubation.
MS fragmentation patterns of the compounds representing the two
peaks (A and C) in the TIC are indicated and the respective chemical
structures of the compounds are also given. Peak B was DMSO used
as a solvent.
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ABSTRACT : Physiological Characterization of Lactobacillus sp. JK-8 Isolated from Shrimp

Aquaculture Pond

Jae-Woo Chun, Chae-Woo Ma, and Kye-Heon Oh* (Department of Life Science, Soon-
chunghyang University, Asan, Chungnam 336-745, Korea)

The purpose of this work was to investigate the physiological characteristics of Lactobacillus sp. JK-8 isolated
from a shrimp aquaculture pond. The strain JK-8 was grown on MRS media, and morphological and physiological
characteristics of the strain were examined. The bacterium was identified as a strain of the genus Lactobacillus on
the basis of BIOLOG test. Strain JK-8 produced both lactic acid and acetic acid, which were responsible for the pH
decrease during growth. Concentrations of lactic acid and acetic acid increased to 192.8 mM and 43.6 mM, respec-
tively, and the initial pH 7.0 of the cultures decreased to 3.8 at the end of incubaction. The bacteriocidal effect
against eight target bacteria was examined with 5-fold concentrated culture supernatants. All bacteria tested in this
work were completely killed within 3 hrs after treatment with the culture supernatant. The bacteriocidal effects
were clearly observed, only when the pH of the culture supernatants were not adjusted. HPL.C was used to reslove
lactic acid and acetic acid in the culture solution, and GC-MS was used to verify the metabolites.



