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Abstract - A microcystin-degrading bacterium was isolated from Daechung reservoir, Korea. The
isolated bacterium was identified as Microbacterium sp. by 16S rRNA gene sequence analysis, and
designated as Microbacterium sp. MA21. This strain degraded cyanobacterial hepatotoxin, micro-
cystin-L R, over 80% when incubated at 30°C for 12hr in R2A medium. Two unknown metabolites
of microcystin wer e also identified during the degradation process. Although only Sphinogomonas
and Actinobacteria have been known to degrade microcystin previoudly, thisisthefirst report that
Microbacterium sp. MA21 could degrade microcystin.
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ekl 80% oIl cFE
F7k et o] & 7P HA o] w2 €74 microcystin-
LR=Z <r2jx ¢lo}(Sivonen and Jones 1999). &89
S H3E7) $)5e] WHO(1998)= i =42l micro-
cystin-LRe] o 45 =S 1lugl = AL,
SElveEbe obH] HRF Saed A A He B
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b g AYAske coryneform Alolwt. A F7HA]
605 & ool dHA glom, HITdd = A&H oz A
2% Fo| B3 ¢Jvb =3t Microbacterium<:e] n)
A B2 xylan 23l 4, chitosanase A Ak, a-glucosidase 2§
At cellulase A A, mannan &3l <+ 5-o] #2]% B} 9l
o} (Yoon 2011). Z&v} o] & ule]g]ofel] ]+ microcystin
2ol HE A7E wwd v} ek

w2y 2 M= Microcystis7} $33t= =4
S 4ol 4 microcystin® £33} Microbacterium 12
E2l3te] o] E2] microcystin 23l 5& A
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Fegokzt A7) (2010“1 8Y)el A zAM HFHT Al
= AE =2 343 F Microcystise} F&Est= ook
5t el obs Relslodt A E Ee, v okl ARg-3F
IA)E R2A ol 4|8 ALg-5h 31, Wl 7S 30°Col
] 18A)17F E<F XEF 7] wj ksl o}l Microcystin -3
s vehie #5758 23] 918l R2A A< 50ug
LY microcystin-LRe #7}sle]l 9 7oz wujoksl
=, protein phosphatase inhibition assay (PPIA) S Z3 &2
o vshie 338 Ad8ss 93 4N 22
2] microcystin £-3f 4132 R2A ulj x]el] 18A]7F Aujok
gk wj ekl & A 2-$- 2A ul ] ol] optical density (ODsoonm)
7} 0.30] F =2 233 & microcystin-LRS & =
50ugL vl H=% Arlsle] AR A
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2. Microcystin % 9 AR

1) HPLC

Microcystin-LR2] ZFA] & (Alexis, Switzerland)Z
100% wighg 1mLel <l ¥ sz 3435t AlS
3}gd T} Microcystin 24192 =74 HPLC/UVY], LC/IMS
W, GCIMSH 52 |43 7]7] AW} ELISAE o] &
& AR wbY Telw 548 o] 43 PPIAY |
ot 4F |83 PPIAY]} ELISAE ZF=7} w9 ¥
oJubA|utE microcystine] WFel Hg AW EA o] o
the el Qla HPLOW S 4 7o) exbsh A%

Ag 3 ¥ gA7) glemz (Kimetal. 2009), & 7}
A g W3ste] WS Bekataat sl
v okl o] Z3tE microcysting] =2 =3]3}7] ¢3)

A AR ImLE 52 A= F 5 50% Hees
A 7}sle] 713k vortexingz} sonicationS- %3 microcystin
2 323}9 (Manage et al. 2009). 3292 108 Sot
4,000rpmez Y4 Eelsisict welE AsdE
Nylon syringe filter2 o3 ¥}5}e] 3% 50uLz £33 7
< HPLC(CLASS-LC10, Shimadzu) 7]7] & o] &3}e] 2
A stgd o} Columne AFe] Nucleosil C18 (5um, 150-by
4.6 mm inside diameter)& A}-£-5}9] 17, injection volume-2-
20uL 2 A3} r}. o] A2 methanol 2+ 0.05% TFA (tri-
fluoroacetic acid)7} =3+%l waterE 52:48(viv)Z &3
sle] A}-g-3}9]c}. Flow rate= 1mL minloz 3}e] 238
nmej| A peakE =4 }¢t). 4423k microcystin-LRS- £
HugzExa Al8-3lo], microcystin®] peskE T3}
A eksle e} (Oh et al. 2001). 7} 234> 0.1mg L to]glc}
(Zhou et al. 2010).

2) PPIA (Protein Phosphatase Inhibition Assay)
&4g9¢l protein phosphatase 1 (Sigma Co., USA)<
50mM Tris-HCI (pH 7.4), 1mM N&EDTA, 2mM MnCly,
0.1% B-mercaptoethanol (v/v), 0.5 mg L' BSAZ &3}
a1 ¢)+= protein phosphatase 314 bufferol] o] 8|3}
e} 7148902 para-nitrophenyl phosphate (Sigma Co.,
USA)=- 50mM Tris-HCI (pH 8.1), 0.2mM MnCl,, 20mM
MgCIZE- 383l buffere]] o Fn|slgit 458N
10uL = tubedl] Y31, £F £ 9 A7 2B(uLsE Yx1
37°Coll A 17k A vl ofate] A}l H47) uhgsl=S
st e 1 S-Ho) 7]A 8- 100uLE Y1 37°Col|lA] 22
E2F vbSAIZIS uhS F, F4 s 405nmell A Als s
=23 3190} (An and Carmichael 1994).

3PCRZE 2 47149 24

wjekEl Al2E YAlEE](6,300x g, 10min)E |43}
of =33} 17, 3]4=3F A ==X E] DNeasy plant mini kit
(Qiagen, Germany)Z o] £-3le] genomic DNAZS FZ3}
9}l PCR HFg-o] A}4-% primer: universa primergl
27F (5"-AGA GTT TGA TCC TGG CTC AG-3), 1492R
(5-GGT TAC CTT GTT ACG ACT T-3)= Apgstit
(Lane 1991) PCRHFS =7 94°CellA] 527 27] o
A2l S & F, 94Col|A 187 WA 7, A &=
56°Cel| 4] 30cycled $asled 187F vk 7|3 A4S
flsted 72°CellA 18-7F HESAIZ & FHFAo=m 72°C
oA 10¥3F Heshn Wge FHAZ PCR S5
&2 1% agarose gel ol A A7) ¢3-5-8ke] Ehelstsie.
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PCRZ Z=Xx DNAX Gd extraction kit (Qiagen, Ger-
many)E o]-g-3ke] AAE . A% PCR AHE2 auto-
matic DNA sequencer (model 377, Applied Biosystems,
USA)E o] &ste] E7IMde ZAA 3T NCBI (hitp://
www.nchi.nlm.nih.gov)2] GenBank DBE o] £-3}¢]
BLAST search programg- &3f £ 3}9it}.

228 ulelgol] AERFEA £ 98] Clusa-
X z2 733} MEGA version 3.12] neighbor-joining met-
hodZ o]&3}e] phylogenetic trees HA 3t Th Kim et
al. (2006)2] w}we whel, bootstrap H41-2- 1,0003] 2]
resamplingS- E3le] FAps}gl a1, 97149 7F distances
AAFE Kimura's two parameter model-&- o] -&-3fo] A

shsleh
Zo 9 n@

1 228 739 Microcystin £3)

Microcystin-LR %358 Jeblis ¥2 4575 o4
sled wjok A|zbel| W= A E A} microcystin-LR -
3= 2AFs}loh 50ug Lt microcysting x]]sfe] wjjoF
3 A3 A7 & He|FFE 082 1 ODE yehy
31, o]= %7] AZsF (0D 0.3)o Bl3l 2.6v] =7}5 4
A=t (Fig. 1). wioF A|zbel] w2 microcystin £-3l] &2
PPIAS B3] #dstde dz79] 54 v=x 79
W37l 9l wbd, 22]73F Microbacteriumsp. MA21S-
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Fig. 1. Microcystin-L R degradation during the growth of Microbac-
terium sp. MA21 in R2A medium containing microcystin-
LR (final concentration 50 ug L Y). Remaining microcystin
(%) without Microbacterium sp. MA21 (o), with Microbac-
teriumsp. MA21 (=), and ODeoonm Of the culture(gray bar).

microcystin-LR®] %7} 7hAstelct =3t 12A)7F wj ek
& %x7] HZE =9 v|w3dled microcystin-LRe] 80%
ol E=EE A& #Fd+ (Fig. 1). Microcystin-LR
o] 7V ol ®alE 1247 Wikl g PAbo= HPLC
£ o]8-3ke] microcydtin 3l &2 A Elstdeh. 1 A,
microcystin-LRS }elf|&= pesk (retention time 3132)2)
area ko] 18% 7}A-3}9d 17, microcystin®] EajAE= 3
A peak Aet B7F e A & 5
(Fig. 2). Z12]v} HPLCE o]-4-3F microcystin & 3342
HPLC?| &3 = <lsted A3 microcystine] 3]
+& 53 del sHAI7F = (Hummert et al. 2001).
AT A= B2 =% (50ug L)) microcysting ©)
o7 R3S 339, PPIAL v wsle] HPLC

7 B Eo] Aoz B2 wEE dad e
E

=
Eo] microcystin Z3l w]AE] Ee] Bl FAel
H3k g2 A77F A E 2 gl 53], Sphingomonas sp.
o] 79 microcystinrfLR®E= RRE Hajsl= 5= o
HA QAL eofn] gekdt Feo] e, A=l (Bourne
et al. 1996; Okano et al. 2009; Wang et al. 2010). Microcy-
stin &3l 2 o A microcystin 23 f-Azk2t . FA ==
FAAE =3 Fhingomonas sp.ol| A 53 = ¢lo}. Bourne
et al. (2001)9] 7%, microcystin -3 #F=2 Sphingomo-
nas sp. strain MJPVE 223191, o] =2 gene library
screening S E3 microcystin 23)ol B2 E §AA mirA,
mirB, mirC, mrDE 2], &<¢ls}gle}. =3k microcystin-
RRS Halgtcly &)zl USB-057F2] 7% 16SrRNA
%7149 #4723} Sphingomonas sp.= £ 1.on]
microcystin-RRE-3j o] 4 37 o]Ake] A A7} i
e A7 2aE vl sl (Wang et al. 2010).
Bourne et al. (1996)¢] 2]3}H microcystin-LRe] 73-$-,
A A 28 <A 2 microcystinasesl] 9] )3 ol A
AAge o] Fx= A¥stE F, o2 Zddl o3 B
e 2] peptidez. Eal ¥tz Byl v} 9lo}. w3k Micro-
cystinaseel] 23t A WA il 3}A& HPLCe LC/MS
2 BN A, F R AbEe] HFFAH. Ea AR
= dh}e= A3 2] microcystin-LR (NHz-Adda-Glu(iso)-
methyldehydroal anine-Ala-L eu-B-methylaspartate-Arg-
OH)Z m/z 1,01352] Ex}eke 71AH, = & AIES
tetrapeptide?] NHz-Adda-Glu(iso)-methyldehydroal anine-
AlaOH=Z m/z 6159 BAl2e z2t= 7oz Felslyt).
B o= E2] #3F< Microbacterium sp.ol] 25
microcystin-LReo] £3s]= o] HPLC A} F 7]2] AlEo] A)
o] HFF .
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Fig. 2. HPLC profiles of the biodegradation of microcystin-LR by Microbacterium sp. MA21 at time zero (a), 12h(b) and standard microcystin-
LR(c). Peaks A and B indicate biodegradation products of microcystin-LR.

2 Ba] F= 24 9 AE BE etal. 2010)= .37l v} Qe 2}t )R microcystin
€ Eestdn wad F5FE52 Sphingomonas sp.=

B 7oA HeElgt F=2 16SIDNA 7N dz = alphaproteobacteria 7l 438l= #FE°| %tk Manage et
A% A3}k Microbacterium sp.2. 54 %%l (GenBank  al.(2009)] 2]3 Sphingomonas 4ol %:3}7] ¢ki= micro-

accession number AM403159, 98.7% similarity), o] &3 cystin ¥3 #5371 BuE ek o] #FEL 25T 34

E Microbacterium sp. MA21¢]2} == 5}

o]dell M ¥l microcystin ¥3 w]AES dfREo
Sphingomonas sp.ell | 3h= HF2, 2 Bud 45
= 3F9 4 E2]¥l Sphingomonas sp. ACM-3962=
microcystin-LRz} RR-& 3} 3t} (Jones and Orr 1994,
Bourne et al. 1996, 2001). =3t Suwaz oA 22]3F Sphin-
gomonas sp. Y2 (Park et al. 2001; Maruyama et al. 2003),
Sphingomonas sp. 7CY (Ishii et al. 2004)= microcystin-
LRE H]E3}9 RR, YR7MIA| = E& sty B uE g
Eo]3 o= microcystin-RR%HE- 3} 1= Jhingomonas
sp. CBA4 (Vderia et al. 2006)2} Sphingopyxis sp. (Wang

oA EEl®l Fo= ujek 39 F microcystin-LRE 96%
ol Ha &L BT, 16SRNA 7|1 IL o] 43t
AERz BA A3} Actinobacteriasl] 45= Arthrobacter
sp. Brevibacterium sp. 22} 17 Rhodococcus sp.2 &<l =
it} o] 2loll = microcysting £ 3l= #3532 Ralstonia
solanacearum (Yan et al. 2004), Paucibacter toxinivorans
(Rapala et al. 2005), Burkholderia sp. (Lemes et al. 2008),
Methylobacillus sp. (Hu et al. 2009) 7} ®.37% ®} gj}.
Microbacterium sp. MA212 9% R FFZ o]&
sto] ASEF A3 23 microcystin #3 FF=2
A2 7|2 #FEH o8 MR Foz I
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Fig. 3. Neighbor-joining phylogenetic position of isolated bacteria to other members of the Actinobacteria group and to microcystin-
degrading Alphaproteobacteria. Bootstrap analysis was based on 1,000 replicates. Scale indicates 2% sequence divergence.

(Fig. 3). 710l 2= microcystin £3] §-H2}=(mirA,
B, C, D)2 A4=2] Shingomonas sp.ol| =+3t= ¢iw} (Bourne
et al. 2001). =3t o] = A3t W o= 13 SAF
oAl = microcystin £3] 32 A2 HEEH T
B glovh, a5 AelME R fARbe] 33t
A= Byyl Ho] glglol(Shimizu et al. 2011). 2=}
o]l &l Fol| A Be|3 F3<l Microbacteriumsp. MA21
o] 79, 2% A del= Shingomonas f-= mir
AxE =Z3 4 9)E= degenerated PCR primer (Ho et
al. 2007)& A}gsled PCR 43 A3}, 59%2 fAl=E=
AR mrA $31212 34 F»l% FHAE] ElESA
t} (data not shown).

£ AFelME 3HelA microcystin-LR 355
shie #58 o), S4skgc 2o 7578 A%y
= 50ug L9 microcystin-LRS *33 R2A HZ]OJW
30°Cel| A 124]7F gt wiaksled 80% o] 2] Eaf & &
el A PPIAS Fohel Salshieh w3, HPLC
E E3}o] 124]7Fe] At = microcystin-LRe] peak”}
Zrasie, Ba) g FAHE F o) peks el
Aok 16S IRNAQ 714 BA ZA 3 Microbacteriumel]

Sot Foz FANUT AFRREH A3 712

W

oFe)zl microcystin 23] F3el ohE Loz F9lEg]
. 28 #3F Microbacterium sp. MA21] microcystin
35 B} 23] ols3}7] $ls Al microcystin

) #HH A TS BE | 7)o w3 A7

AN B A] wlo]|FAEA|AE RIS 1/]_5]_144 =
1=5 H2stgdx 16S rRNA gene sequence 4 23},
Microbacterium sp.2 £ =] Microbacterium sp. MA21
= Wsgch RANAE 7|2 W< 2 o] 50ugL
microcystin-LRS *7}sled 30°C, 12A)7F E<b vjoks
= PPIAZS E3] microcystine] 80% o)A} Eajl == 7
gkelsled T} Microcystin-LRe] #3]2 HPLC 2A1&
3 &+l a}ed a7, microcystin Eaj AL ERE FAEHE &
o] peskE &<lslyich 16SIRNA @7|A & o] &3 A
ERs 2N Az 2 o FoA] 2e]st Microbacterium
sp. MA21-2- Alphaproteobacteria®] Sphingomonas <-¢i]
%312 ok & E# Actinobacteriadl| = 4313 7]

X :\é, Oim mlo r-,~
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