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(2,4-Dicholoro-phenoxy  acetic  acid), 32}E](Methyl parathion), S==JE2
(Chlorpyrifos), teh-&<&(Paraoxon)< o2 gk vAE Y/Es E4AE o] 83 54 &4
o A= 2 A3} Je Boke A 10d B 535 o] &g o] FoX A A= &
o, 713 W 9ol AT FThekeE FAlolH, BE Il oAl A ZHA gle] mid =
do] JP=+= Ao x YR
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A2d F2535 4
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7} 555

1) d(Lead, Pb)

- s g/EE 534F o8 9o A= #dste, #=d@u,  Methylobacter
tundripaludume} Z-& AFAES o] &3 29 IS 7|&E, T55H WESstEs FEHAS
HNAgES o83 A= 7le 2 FMAEY 845 o83 o4& A= Ve Tl =AM,

Euglena agilis, cadC gene CYP450 enzyme
FELAEEO= >Bacillus oceanisadiminis reference CHE| CYP450
STu=Fo= TR R S4E s HEED @
Z3£E=E sZS 32 0 251G ZHFHLIZ EEUES
ST Um ST Bldsic st sEE 2
=TEH TEEE
E.coli HK621, pbrR/ppbrR, .
E.coli HK622 Methylobacter tundripaludum pmntH, pshta, pybtl, pyiiz
e T2 2FE S50 =010 03} >C. metallidurans E. coli 72
TTLUSE S | ET2E0TIEE T2L2E >Eas o as - TH olE
Btk AEDEE EEHH AZFEZE = OEE 7210
PHMEL SIDEE ST
zazslisga om SEE™
[12!] 0|ME /ie= E4E 0|28 HZE E5] 24 52

-3 HES Y ¥AHASAE F AANES 98k B oceanisediminis &< cadC, C.
metallidurans -2 ¢] pbrR/ppbrR, == E. coli #2 pmntH, pshtA, pybtl, == pyjjzg 2%
stk EAo] o, mAs EE 848 o83 d AE Ve F2 559 & o
=4 25

[E] 0ld= S/Es 848 0|88 & &2 FLEF 2AE
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TE/[ENHE
o] o 71&9 54
(4
KR10-1436921B1 fFrEdus vdES = AE 9 fFEdu VeSS 8719 ¥
ol &3 A A4 Hr | 1, vAES wYdEly, 25 dE54L ¥
(2013-02-21) K F EE 24 B4 24 (e
T4 F5 Ag, 4A A, 2 uAyE]
KR10-1724015B1 oo 9 = A4 e TFE5 EA Hkgsle 5%
CHPOBBL | vidge 218% %) 30e wga volean. MAEE 32
Qou-12-0n | F WA ERIEAN o tasa w9 dss BEee 2
74 EAE AA
FTEE i FEH | = = .
KR10-1659732B1 = o e ziEg FTud meol whestel ©id dde
o ;;L.G: 7_]%1—3_ H]‘O] 56}7]_ ‘?’]‘H cadC %ﬁ;(]'% %L%E]-*‘C— =5
(2015-10-2D E_Aﬂiin ToH=To & A= FAAZNA
TEE L9 FFY b e BAeE
o] TVHHEE FEFE 29 AXE vAEQ
KR10-1769217B1 | A¥E "IAES ol &st | WidZule  E=E-FdMethylobacter
o EoRY] F5% 29 | tundripaludum) #FE AT + Jd= A
(2015-12-09) < ik Wy AE zste B TS 29 WIS
245, T 29 AFH By ks
(Bd2s)
WO02022-144095A1 | BIOSYSTEMS TO | reference th¥] CYP450 &4AE 313 33
DETECT CHEMICAL | £33 ¥H-3AA U2 AZFASE vlushed
(2021-04-27) CONTAMINANTS 318} 3FE 0Qe AEs Y
Fas& BEY EA os MAE 2
Us2022-0057378A1 | M1 C R O BT AL T AR felel wole Ax Ei i
M T = i v‘t wl ST —
~09— ZRHE FAAEH AxF v =o ¢
(2021-09-02) BIOSENSOR G cdz A
2) &(Mercury, Hg)
- HAE YEE E4AE o8 F2Y HEH #A™EEA, F=@,  Methylobacter
tundripaludum™® #2-& AFZM =& ©]&3 29 A 7|&, DA H(Archaea)e] EAWAE
183 24 X V&, T55H SRS A nAES o83 HAE Ve E 7
AEe BAE o83 9= A= 7Ie ol A,
- T AEE AT FEHSAE T2 AAE Hsted FHEH o fA] ntA == E ool S
aureus, S. marcescens & merR/pmerRE X &3sl= EAo] o, ny&E /= F4E
o] &% T H=E 7€ F8 539 WEE 3 e
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ZntA gene

>Zinc/cadmium/le=d-transporting
P-type ATPase 241 STH| 2|02 =

CYP430 enzyme
reference CHE| CYP450

B MENSE HIjE S EF = EEEL
£ BT ETE 5l= 3R SN LS BENSE
»E T O B2 5L s e
ST s o EE EE

EEOTH

o

obacter tundripaludum

Z32 9@ $39 2010 K3
EUSE0 S ESS34 2F
NEOEE BEHH

@

D HiF{Archaea merR/pmerR

=4 04 0TUBY >E.c:|i,5ﬁ@%s.msr:es:en:'.—:'rEH

oTuss Y st =2 =SS T'_'"—'"_E—i =it b | 215 H A
oj25l0) E2FL] AEZEHE DS E A2 HOIZ

HAHE=DE0HE SEHDE
WEgOesy s SEEEE

[O8] 0|2 /s 525 0|88 T2 HE 535 23 58
[E] 0|ME 3/Es E4E 0|88 o2 HE2 F255 2AE
SEIENHME
g o] w4 71&e] 4
(=49
KR10-1436921B1 | r=dlusE midE< = AE 2 A=dy ndes 871 ¥
o] &3 £d 4 Wyt | 1, WAES W, 159 454 3%
(2013-02-2D) | by EE $4Y 54E 24 FHe9)
TEE L9 FEY FUh we ARrE
o] F7HH = TESE 29 Ax vA=d A
KR10-1769217B1 | A& PIA=S o] &3t | 2 =HHE E =g 2-F 5 (Methylobacter
B FT4% 29S| tundripaludum) #F2 AEE £ Jd= A
(2015-12-09) | gelai Ag s B IS 29 FAUE
Z29E, Tu45 7o AFd &4 7tF
(B
KR10-2020-006646 . so3 Eolmow Adsl miA SAA
oA i‘]ﬁ EA‘S,] ;]E]iﬂ%% EERHE TPt FEE A%E 344
(2018-11-30) -7 - 24
METHOD FOR RAPIDLY
DETECTING THE
TOTAL MERCURY
US2022-0220537A1 | CONTENT OF SOIL IN | Al#¢] &2 wh# OTUBYel tht =Zzn
(2020-05-14) URBAN  RELOCATION | € °]83te E%e & 2 IF A=
SITES BY USING
ARCHAEA MOLECULAR
MARKER OTU69
W02022-144095A1 | BIOSYSTEMS TO | reference ©™jH] CYP450 &4 5 3} 33t
DETECT CHEMICAL | €3 WHAIA U2 HAEAsE vlasty
(2021-04-27) CONTAMINANTS 3% 3R 0AdS AEFE Wy

US2022-0057378A1
(2021-09-02)

MICROBIAL
MICROFLUIDIC
BIOSENSOR

TEE 248 A o8 AL =
He s el vole Al s
HEE JEAAZE Axd vAEd

LHE AE
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3) 7}=E(Cadmium, Cd)

- HAE B/EE 34E ol&T Jl=we HEd #dsto, #f=#yu, Methylobacter
tundripaludum® #2< AFAYEES o8& 249 G 7|&E, IAF(Archaea)e] EATIAE
o]&3 o A Ve, TEHH SR FAAE rAles o8 AE Ve B 7

= = = 2=
Azl B8 o83 Ld=d HAE 7l 0] A
Znt operon promoter
=H. pylori, M. tuberculosis,
S. aureus, E. coli, S. enteric, :
_— Acinetobacter baumannii §31  | E.coli YDY002 KCTC18404P
L SETEWUREEE T | Bl HMIAIS 2I5} a5 ZHE =
EELER E= HETZEE R E2H S FIEE A S Flst
ERRSEER EETDN |zt SHE =225
ES5EE CET gL 2 rES BE
CYP450 enzyme
Saccharomyees s reference LjE| CYP450
s tadCgene sazssmusl e
TSI GFPTF O »Bacillus oceanisediminis SAF e HEs=s
S CHEmE = A0 PRE] 2691 R 3ﬁ4g5$§§§3
FHEE Z25= 234 0 HEES ;;%E = =
Saccharomyces sp. D8 & BT W RE e
Stssss s as | HEOEA

OO O— Lo

E.coli HK621 cadC/pcadC, cadR/pcadR, PzntA
E.coli HK622 Methylobacter tundripaludum =5 aureus, P. putids, E coli SEf
ESLUYtEEn E3L 2 =2 E7H0 It >SuS s EH0 25 H

BT USZS UESE ETE0 7 524 2% APHEZE S 0183 #2121 6810/
HEPREAH IEDLEEEHH 2 M

SEDHE HEMHE
%Iﬂi‘ OiEE 215 ﬁ% z
E

(O8] olM¥2 W/xs 548 0|8% JIEE HE S5 59 55

- JlEE AHES S FHASA= Jl=F AANS A H. pylori, M tuberculosis, S.
aureus, E. coli S. enteric s+&1¢] znt operon promoter, S. aureus 2] cadC/pcadC, P
putida 3¢ , cadR/pcadR, E coli 3 PzntA == B oceanisediminis F+#¢] cadCE =

et 540] A=
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(49
KR10-1436921B1 | =y midE< = AZ 8 fEdy mdEs 8714 ¥
ol&3 A =4 Wt | I, vAES Wdsta, 189 9454 ¥
(2013-02-2) | wwy F EE A B4 24 (o)
5 = < A2l GFP7F el1d dMEs]aa
}_b‘]— E‘%‘ Q ]_ hreiuil - =
KR10-1563442B1 | AL 228 8T o pre1 e zgsie Ateeiol
(2014-10-29) 74%]:,;”" = 2> Z(Saccharomyces sp.) A& o] &3
= o d = =

==
B =2 AE
;‘(

T4 35 A, 2A AW, 9 mgEo]
KR10-1724015B1 | =g o] gat =z A W Sask EAd Wese F%
(2014-12-01) G vhelaay | © | BUE D vlAA. g 52
e " - Fof| W3 w FF s Es AEse] F
F4 EAE AH
i 7I=FH Soldoz ZAjste znt LHE
ok o] AEFA o -
KR10-1682870B1 | =% WS MERE O o wzwbenm) 2 elsk g57bss
(2015-09-10) & o S0 dZe gxH fHAE 2 AE
°F < o183 EYS =R FF AE W
Fagel o3 fFEEHe| - = = -
KR10-1659732B1 | gwj=) wts /\]1% = FTEE = Weste]l dwd BEs f
z2x Azg woloq | =0/ S18 cadC FHAE FEI= FH
(2015-10-21) e = S TE | & AZe 3443
TEE 29 £ Ik we 4rE
o] TVHEE FE& 29 A% "WAEY
KR10-1769217B1 | A& WAES ol gso] | Wid=ute el #-7HMethylobacter
By FF<4 29S| tundripaludum) #FE HET F A= Al
(2015-12-09) | ghelah= gy A Tate B FIE 0 AIE
ZRE, T9% FTo AFH 4 7bF
(B4

o s np 2 x3sl=  Escherichia coli  YDY002
(2016-11-28) TFo AZFst 99

o]
KR10-1917122B1 ol g71=3 HlA U f} 7}5%'1 AAE 98
ol - =
Eor A5 waol mop | KCTCIB0PE o83 ®ape] wik 31 7}

o ZE #A& 9H
W02022-144095A1 | BIOSYSTEMS TO | reference th®] CYP450 &4Z 33t 33t
DETECT ~ CHEMICAL | &3 WHe-AIA Y2 HEAES vaste
(2021-04-27) CONTAMINANTS 53 39E oHS HESE WY

US2022-0057378A1 MIICCRE FOL%%DAIICJ 5 mAE g9 Hole ANA
(2021-09-02) | BIOSENSOR

4) polychlorinated biphenyls (PCBs) % polychlorinated dibenzo para dioxins
(dioxins)

- HAE g/ §4F o]83% polychlorinated biphenyls (PCBs) % polychlorinated dibenzo
para dioxins (dioxins)e] &3} FTHslA], Alo]EaZ P450 &A% CYPIA, CYP1 B,
CYP2B, CYP2C ¥ o]E59 &S 0|83 H4EHE A= 7leo] 202190 ¥4 7=
ZAFE (W02022-144095A1).
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TE/3/MHS
. g o] WA 7)%e] EX
(Z99)
WO2022-144095A BIOSSSEEI\%S . CT(% reference UM CYP450 &8 33t 3}
1 CHEMICAL @'%34' Eﬂ'%/\]ﬁ _14'% @%ﬂi%
CONTAMINANT Hlaste] 88t Sete oHdSe A
(2021-04-27) ¢ e
5 71}

- HAE Y/EE 84 o83 549 AEH #A™EY, HZ 10d < PBPKs(EE =2 &
FEAER), 24-TF 2 29 = A obA| E4H2,4-Dicholoro-phenoxy acetic acid), 3+2}e]-&(Methyl
parathion), =223 g]32«(Chlorpyrifos), ZtehS<=(Paraoxon)< tdo.= 3 HE #H 53

= ZAEA S5

2. B3}

Ov4E QEE G285 ol §d 529 48 716 142 S48 BH3w, 242 43
e wet AEAFE, FHY 2L VBT BRAGT 35 AE5YS 2E YRS of
g3le] 47k 252 A5t SRR QFA vl 2g)H J&e MER BRIA o
I, AEHEY LRHAL

o M
LiT.=
BN

1) Z(Lead, Pb)
D-1 AEHSFH

- TS BEE E4E o)8T Fo A3 Vled #dst, AE AFHL B 74, 371
T

27] AHEEE AeE E44.

- B 7)lE EopillA 2=AE 28 TR PAEEs, 7F B3 A"t D desulfuricans
KCTC 5768GNY <& A3}, Bacillus licheniformis strain ECOBIO_2 (GenBank Accession
KP877534.1), Bk m+= & A3} A~AsIS Acidimicrobiaceae Feammox bacterium A6
PTA-122488, =% == &4 A3} #A-ASt] Streptomyces sp. strain, IDAC 081111-06,
Bacillus tianshenii strain P46, Mesorhizobium panacihumi DCY119T, Bacillus megaterium
SRCM116265, E% A3} &Este] Novosphingobium sp. CuTl KCTC14573BP 7} & [&

81.

- =3 3 A3t sl sulfate reducing bacteria, 37] A3} #@sle] Sulfur-oxidizing
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microorganism, =A3}3tE2] &4 AA|e FHASIA Lactobacillus sp. 7t A [& 91

o]

(

N

9o %, mixed strain NIX51 KACC81038BPS H| &3+ thakst ZEH9

7o HAE
Yersinia pestis 212 Yersiniabactin© 2, Ald]Z3Zol(siderophore) & o2 F4S
st Ybt e olY fAME X3t AASA 9 Caulobacter crescentus strain,
CC3625 &l e] cysteine synthaseE ©|83F 4 == EY As) 7|&o] A,

E]oit FlOl

l
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BEHTH EHMAE

TE/FNHEE
o] B3 %ol B
(F9Y)
-Sulfate Reducing Bacteria(SRB)
KR10-1822711B1 TEES o Y >D. desulfuricans KCTC 5768
B 2o YEI} 3%
(2015-06-16) 43 H A 4 fFEY A3}

-on situ A3}7)&

US10479712B2
(2017-09-18)

Methods and compositions
for nitrogen removal
using Feammox
microorganisms

-Acidimicrobiaceae Feammox bacterium
A6 PTA-122488

=9 EE £33

US11064673B2
(2018-12-20)

Endophytic microbial
symbionts in plant
prenatal care

-Streptomyces sp. strain, IDAC
081111-06

A A=

-2 EA A3} (A& Aot A7) A
n| Y E-S FE)

=1
_/_\J‘E

US2021-0053096A1
(2020-08-24)

Method for
bioremediation of lead

-Bacillus licheniformis strain ECOBIO_2
(GenBank Accession KP877534.1)

s

KR10-2021-0124232A
(2020-12-14)

e s WAy 2
ole] WAE AA 2

TEES 5T 2ok 58

-Bacillus tianshenii strain P46

KR10-2517399B1
(2020-12-30)

QoA Tl 9k
st =Ed 2 8l Al
A =55 F=

A EQFEZ AT
Mesorhizobium

panacihumi DCY119T %
ole] &

-Mesorhizobium panacihumi DCY119T

-E 2 HEA A3 (=3 34

o =X

KR10-2022-0154426A
(2021-05-13)

ZFEoF Bajs, Alxe
g4 HulEs 9 5
Aol 9, 2&EHy
Al disf F
A48 7R = wpd g s
] 7}e) 2] ¢ SRCM116265

#7 9 o9 g%

-Bacillus megaterium SRCM116265

-EF B A=A 43

-Novosphingobium sp. CuT1

KR10-2022-0160964A | 275} 113 25 111]< KCTC14573BP

(2021-05-28) & #5338 o9 &&= erE 33HE 53
-E9 A3}

] 048 Y/EE A4S 0|85 HEA-MENHTY FRE3 2|AE
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US2018-0222782A1
(2018-04-10)

ANAEROBIC SUSPENDED
GROWTH TREATMENT
OF CONTAMINATED

-metal-reducing bacteria

<sulfate reducing bacteria

WATER -2 A3}
-Sulfur-oxidizing microorganism
>Acidianus, Aquifex, Hydrogenobacter,
N - Thiobacillus, Thiomicrospira
- ojbeteEa B T4 — TOSpIra,
KRIO(ZZ(?EE?_?’(%%ID °l ;j% g | Sulfurimonas, Halothiobacillus,
RIS = o

Acidithiobacillus, Thermithiobacillus

-7 AgAigE 2= Ut
-34kgl-nto] & HES7|

US2020-0140806A1
(2019-11-06)

FOOD GRADE BACTERIA
FOR THE REMOVAL OF
TOXIC COMPOUNDS

-Lactobacillus:

>Lactobacillus reuteri RC-14,
Lactobacillus casei 21052, Lactobacillus
casei 393T, Lactobacillus rhamnosus
GR-1, Lactobacillus rhamnosus R3,
Lactobacillus rhamnosus R37,
Lactobacillus johnsonii 20553,
Lactobacillus plantarum 14917T

-S4 ggE F JAGE BEs

Ae)

n =

US2015-0353982A1
(2013-12-30)

e s Ay #,
olo] MAE AA 2
F34 BT Hopo| 88

-Mixture

>microalgae: Chlamydomonas nivalis.,
Chlorella vulagris, Scenedesmus
dimorphus

>cyanobacterium: Arthrospira platensis
>G+ bacteria: Bacillus subtilis

-2 A3 A )

US2020-0222955A1
(2018-02-07)

METHOD FOR
DISPOSING OF
CONTAMINATED
DEPOSIT SOIL AND
RECYCLED
RECLAMATION SOIL
USING SAME

-mixed strain NIX51 KACC81038BP
-E A3

US2020-0180985A1
(2019-05-07)

Method for
bioremediation of heavy
metal contaminated soil

-Mixture
>bacterium % fungus

_E Ol: Xoil'

,33,




AEHTH £ MAEAS)

Wl 5y

KR10-2022-0160964A
(2021-05-28)

Heavy Metal Treatment
Composite Microbial
Agent in Water and
Preparation Method
Thereof

-Mixture:

Bacillus, Staphylococcus, Pseudomonas,
9 Pichia pastoris

> Pseudomonas aeruginosa,
Pseudomonas brenneri, Pseudomonas
putida, Pseudomonas stutzeri

> Pichia membranifaciens
2= 2]

T 6]§:]'

JP2021-045121A
(2020-09-07)

Ha Ag AR, vAd=
o, PAdE o3
e U e et A

-Mixture: manganese-oxidizing bacteria
2 methylotrophic bacteria
(methylotrophs)

> methylotrophic bacteri a: Methylibium
sp. R1-5 (NITE AP-03266) 2
Methyloversatilis sp. R1-7 (NITE
AP-03267)
-2 Ak 5

-17 W] 19C

A2

US2022-0234087A1
(2021-03-22)

METHOD FOR
IMPROVING THE
EFFICIENCY OF
ELECTROKINETIC
TECHNOLOGY FOR
REMOVING POLLUTANTS

-Mixture: phosphorus solubilizing
bacteria, photosynthetic bacteria (PSB),
yeast, and lactic acid bacteria

FROM SOLID MATRIX -E¥ A3}

BY USING A MIXED

MICROBIAL SOLUTION

BIOREMEDIATION _S MR W Bl ] e

SYSTEMS FOR 27178 e B 218 mAdE
US2023-0203414A1 | WASTEWATER e i S )

(2023-01-30)

TREATMENT AND
METHODS FOR THE USE
THEREOF

T TEE
30%017% Zha

oF 19%u)7] o

AERTH FAREA

US2018-0065940A1
(2016-03-21)

METAL-BINDING
COMPOUNDS,
HETEROLOGOUS
PRODUCTION AND USES
THEREOF

~Ybt & Ybt A AAEE I
FA7E P AE

>Ybt: Yersinia pestis f-2j 2]
Yersiniabactin

252 HIE YA AE

-9 Ex 1 A3

a4

US2017-0088827A1
(2016-09-26)

BACTERIAL STRAIN FOR
LEAD PRECIPITATION

- cysteine synthase

:Caulobacter crescentus strain, CC3625
fref
=

He

52 33}

,34,




rlo

2

T4 A3}

P!
4

=1
K=

ool

- HAE WEE BAE o]8d ¥l 43 /1&w s,
2

- B 7s okl A 2=AME B A" vAEREE, 74 A8 Bt Bacillus catenulatus
JB-022 KACC91896P 2! Bacillus sp. SRCM112835 7} SloH, T5% o5 A5 #HHS|IY
Lactobacillus fermentum LF-SCHY34 2 Lactobacillus plantarum KCCM 12698P7} U+

- =3k 3 A3 #FAHSte] Manganese-oxidizing bacteria, Flagellate Green Algae 2
filamentous bacteria, non-filamentous bacteria, fungi =+ algae 7} ZAME.

- B 7lg BokdAe FEASA B E4E o] 8T A} Ve AEA AstE

SHENHE i e
] el 7] 57
(E4Y)
ool A A7 "W Lo
[e] i O v X “ 1 .
B3 gL = -Bacillus catenulatus JB-022

KR10-1540862B1

(2013-12-16) nla 2 slEEg s | KACCOI896P

2= A3(HZ %
0] 43l nlo] Qufj 4 A" A8
Fole Tl F3

KR10-2022-0034276A | E%S zt= npag 2~ & -Bacillus sp. SRCM112835

= N

(2020-09-10) i}]Q;Mg?:SBE) o+ 9 -7 A3
KR10-2567035B1 e~ HuE -Lactobacillus fermentum LF-SCHY34

(2021-02-02) LF-SCHY34 ¥ 1 && a4 2%

" dwm= &7 i]—JEJ—
KR10-2023-0009537A | -Lactobacillus plantarum KCCM 12698P
(2021-07-09) ° o =m

S m ?ﬁildel—

2 & FHelaE] R E

Ei=qy e .
1P6719092B2 B% oF wly, mlo] o Wk -Manganese-oxidizing bacteria
(2015-03-13) A= A8 Wy ¥ = KB
Gee] B Ta e
229 Aty 93 -Flagellate Green Algae
W 1w AEElE Al . .
JP2020-516768A ey Hestd ded >Chlamydomonas reinhardtii, Euglena

(2018-04-06) gracilis, Euglena mutabilis

-2 8 VHEUGLENA)
Hho] Quj 2 AbE- -4 3=+ A
2 £ WRE

A METHOD FOR _ . .
US2018-00290102018 | REMOVAL OF METALS -filamentous bacteria, non-filamentous

-02-01 FROM AQUEOUS bacteria, fungi E+ algae
(2016-01-25) SOLUTIONS USING BIO =7 A}
ADSORBENTS

,35,



2) 4=2(Mercury, Hg)
2)-1 AEHZTH

3t 71y ddste], e HSH

rlo

EOC}:, —{llzé

wa

- B )& BopolA zAE By $A4E vIAEERE, £E At #-HEStS D desulfuricans
KCTC 57681 42 A3, EY == 2AEA A3 #BHASS Bacllus tianshenii strain
P46, Mesorhizobium panacihumi DCY119 ol

—
N

- =3 2 A3} #FHFte] sulfate reducing bacteria, photoheterotrophic X+=fermentative

heterotrophic bacteria, £ A3} ##3s}le] Metarhizium fungi 2 non-Metarhizium fungi”}
AR [E]

- o] 9Jo|%, bacterium % fungusE FAE T vAEES o83 FF AHI J|E,
phosphorus solubilizing bacteria, photosynthetic bacteria (PSB), yeast, % lactic acid
bacteria®2 FAE T vAES o83 EF HF |&, bacteria Acidiferrobacter
thiooxydans, Acidithiobacillus  ferrooxidans, Leptospirillum  ferroxidans, Leptospirillum
ferriphilum, Acidimicrobium ferrooxidans Sulfobacillus thermosulfidooxidans, Acidithiobacillus
caldus, Acidianus brierley, Sulfobacillus —acidophilus, Actinobacterium sp., Acidocaldus
organivorans and Alicyclobacillus ferroplasma®} 72 iron-oxidizing bacterial population=-
o] &3 7]&o] ZARE [E]

- B 7]& BokilA ZAME FEZXSA|=, Yersinia pestis el Yersiniabactin®. 2, A€ =
ZoKsiderophore) o]&EZ o7 F&& %”6 = Ybt == o]9] FAKAIE Eﬁc}é‘}i P2 A%
A, Metarhizium robertii #2 e+ gWEggs Mmd 2/E=E 27 & SdEs Mirs
x5t F2AASEA, merA and merB gene #&do] Z7l® mercuric reductase and
organomercurial lyaseE A4tshs F2-FAXAZA A5 [3E]

,36,



AEHFH/ By E
TE/FNHEE
el 7ol 54
(F9Y)
-Sulfate Reducing Bacteria(SRB)
KR10-1822711B1 TEES o Y >D. desulfuricans KCTC 5768
B 2o YEI} 3%
(2015-06-16) 43 H A 4 fFEY A3}

-on situ A3}7)&

KR10-2021-0124232A
(2020-12-14)

Al 2~ MY

olo] P|E AA
Fa% BT pop] 48

-Bacillus tianshenii strain P46

A=A A3}

£ g

KR10-2517399B1
(2020-12-30)

5ol «lf‘i

"J“Oﬂ Az
/«}§]_ AE gﬂ 2 9 Ay
ol =55 -Zr‘:

/\1 st Agxkzz_] Jqqf‘ﬂﬂ'

Mesorhizoblum
panacihumi DCY119T ¥

e

-Mesorhizobium panacihumi DCY119T

-E 2 HEA A3 (=3 34

AERFTH 22 JHe e A E

US9969639B2
(2014-12-03)

Anaerobic suspended
growth treatment of
contaminated water

-metal-reducing bacteria

<sulfate reducing bacteria

L

US2018-0222782A1
(2018-04-10)

ANAEROBIC SUSPENDED
GROWTH TREATMENT
OF CONTAMINATED
WATER

-metal-reducing bacteria

<sulfate reducing bacteria

L

US10759683B2
(2018-07-10)

Methods for removing
mercury contaminant
from aqueous solutions,
and bioreactors therefor

-photoheterotrophic or fermentative
heterotrophic bacteria

> Clostridiales
> family Heliobacteria

> Heliobacterium modesticaldum =+
Clostridium acetobutylicum

> Heliobacterium modesticaldum Icel.
> Clostridium acetobutylicum ATCC 824

> photoheterotrophic bacteria is
Heliobacterium modesticaldum, or
Heliobacillus mobilis.

> Heliobacterium modesticaldum Icel.

W02023-092654A1
(2021-12-08)

FUNGUS AND
BIOLOGICAL AGENT
FOR CONTROLLING
MERCURY POLLUTION,
AND USE THEREOQF,
METHOD FOR
REMOVING MERCURY,
AND METHOD FOR
IDENTIFYING FUNGUS
HAVING ABILITY TO
CONTROL MERCURY
POLLUTION

Mmd % Mir && fungi

>Metarhizium fungi % non-Metarhizium
fungi

>non-Metarhizium fungi: Fusarium
oxysporum, Oidiodendron maius !
Shaotuhuosi Pyronema omphalodes,
Amorphotheca resinae, Cadophora
Malorum, Hyaloscypha bicolor,
Pseudogymnoascus sp 2
Exophialaoligosperma 33}

,37,




[Z] 0ld= 3/Ee 2485 0|82 2 YeHY=TTH F255] 2|2E
AEFHTH £ "B E
SEIFNE
g o] A 7% EA
(499
-Mixture

US2015-0353982A1
(2013-12-30)

MICRO-EVOLUTION OF
MICROBES

>microalgae: Chlamydomonas nivalis.,
Chlorella vulagris, Scenedesmus
dimorphus

>cyanobacterium: Arthrospira platensis
>G+ bacteria: Bacillus subtilis
-4 AsHH T A )

US11351583B2
(2018-11-15)

Method for
bioremediation of heavy
metal contaminated soil

-Mixture : bacterium % fungus

43}

ok

-E

US2022-0234087A1
(2021-03-22)

METHOD FOR
IMPROVING THE
EFFICIENCY OF
ELECTROKINETIC
TECHNOLOGY FOR
REMOVING POLLUTANTS
FROM SOLID MATRIX
BY USING A MIXED
MICROBIAL SOLUTION

-Mixture: phosphorus solubilizing
bacteria, photosynthetic bacteria (PSB),
yeast, and lactic acid bacteria

33}

ok

-E

AERTHE FAREA

US2018-0065940A1
(2016-03-21)

METAL-BINDING
COMPOUNDS,
HETEROLOGOUS
PRODUCTION AND USES
THEREOF

§_]__

-Ybt 2 Ybt fARA RS $
FAAS Y&

>Ybt: Yersinia pestis f-2j 2]
Yersiniabactin

=529 sehE A nAd=

-9 Ex 1 A3

W02023-092655A1
(2021-12-08)

METHOD AND
RECOMBINANT STRAIN
FOR ENHANCING
METHYL MERCURY
DEMETHYLATION
AND/OR DIVALENT
MERCURY REDUCTION
ABILITIES OF FUNGUS,
AND USE

-8 A% Metarhizium
robertsii/Beauveria
bassiana/Saccharomyces cerevisiae(Mmd
9/E= Mir ¢3)

>HESS gmgdgs Mmd ¥/E=E 27}
T F3YF 4 Mirs Metarhizium
robertii -2

-EG e A3

US2023-0087150A1
(2022-09-15)

METHOD, SYSTEM, AND
COMPOSITION OF
MATTER FOR REDUCING
TOXIC MERCURY IN
WASTEWATER
EFFLUENT

-mercury-transformative microbe (that
produce mercuric reductase and
organomercurial lyase,)

: merA and merB gene && =7}
- sk S A

2 A3}l A

3



= Zog BT

- 2 7€ ZopllA =AM B9 mAERE, 7 43 ddste nole FHRAAR AHSEE

[e]
filamentous bacteria, non-filamentous bacteria, fungi =+ algae’} & [#].

2)-3 71k
- M E H/EE 845 o83 29 A3l 7|&3 BHESe], manganese-oxidizing bacteria
7b A F UAES oY JAe Iudte AsgAsEdd Jisol Aslen,

laccase-isozyme, pyruvate dehydrogenase, dihydrolipoyl transacetylase, B+ dihydrolipoyl
dehydrogenaseE o] 83+ &7] A3} 7&(dA4 Auhx =AY [FE]

TE/FNHE
o] WA 719 54
(49
A METHOD FOR
REMOVAL OF —filamentous bacteria, non-filamentous
Us2018-00290102018 METALS FROM bacteria, fungi =+ algae
-02-01 » Tungl === aig
(2016-01-25) AQUEOUS JU.
SOLUTIONS USING | —7& H%}
BIO ADSORBENTS
71et
BRE Abs} Alate) 34 -Manganese-oxidizing bacteria
HiQF W, vlol 2
JP6719092B2 w7k AslE o] A QB3 5
(2015-03-13) o v A of ilo’“ eTrH
= T T -
o -5 3}
-laccase-isozyme, pyruvate
Enzyme treatment of dehydrogenase, dihydrolipoyl

US10760026B2

transacetylase, =+ dihydrolipoyl
(2016-11-30) coal for mercury

remediation dehydrogenase

-&7] A4 A

3) 7}=H(Cadmium, Cd)

-1 BEHZH

- T BEE 84 o83 7=Ee A Ve ddste, e HIHS EY, 74,
A=A A g s TEARAA FHLSH AHEEE AeE £44 [E]

- B J)& oA 2=AE Y sXE vAEEs, 74 B3t #Hste D. desulfuricans
KCTC 57681 <& A3}, Bacillus spKl, EY = 2&A A3 #HASIe] Bacillus
tianshenii strain P46, Bacillus megaterium SRCM116265, Bacillus subtilis W7 CGMCC20042,
Bacillus subtilis W7 CGMCC20043 E<%F A3} ##3ste] Novosphingobium sp. CuTl
KCTC14573BP 2 A1 &A A3} ## Streptomyces sp. strain, IDAC 081111-06, Falciphora

,39,



oryzae FO-R207} 1t} [& 14].

- w3 B4 BEE F59 gAlet Beste] Lactobacillus, AAMSHAIE, Lactobacillus reuteri
RC-14, Lactobacillus caser 21052, Lactobacillus casei 393T, Lactobacillus rhamnosus GR-1,
Lactobacillus rhamnosus R3, Lactobacillus rhamnosus R37, Lactobacillus johnsonii 20553,
Lactobacillus ~ plantarum  14917T, F5% S5 X5 ¥t Lactobacillus — sp.
Bifidobacterium sp. Enterococcus sp. Pediococcus sp. % Streptococcus sp. % 15& A3}

= 7l&e] =AH [E]

- =3}, bacteria Acidiferrobacter thiooxydans, Acidithiobacillus ferrooxidans, Leptospirilium
ferroxidans,  Leptospirillum  ferriphilum,  Acidimicrobium  ferrooxidans — Sulfobacillus
thermosulfidooxidans, Acidithiobacillus caldus, Acidianus brierley, Sulfobacillus acidophilus,
Actinobacterium sp., Acidocaldus organivorans and Alicyclobacillus ferroplasmast 72
iron-oxidizing bacterial population< ©|-&%F =< Hlo]e I #AH 7ex A [E]

- o] 9=, mixed strain NIX51 KACC81038BP& H]£3} bacterium

! fungus &% VA=,
Bacillus mucilaginosus % Streptomyces jingyangensis &3 "AlE &

o] &3 EF A3}
71«3} microalgae, cyanobacterium % G(+) bacteria &% v|AJE, manganese-oxidizing
bacteria 2 methylotrophic bacteria (methylotrophs) &3+ ©|AJE&, Marinomonas efl %
Rhodococcus efl £ P& 5& o83 T4 B3 7lso] A [#]

1=
=

L=
[}

,40,



AERFH BYnAE
TE/FNHE
el 7% 54
(F9Y)
-Sulfate Reducing Bacteria(SRB)
KR10-1822711B1 TEES o Y >D. desulfuricans KCTC 5768
B 2o YEI} 7%
(2015-06-16) 43 H A 9 fFES Z)

-on situ Aspr]&

US11064673B2
(2018-12-20)

Endophytic microbial
symbionts in plant
prenatal care

-Streptomyces sp. strain, IDAC
081111-06

8 A R

A EA A3} (215 Aotol] A7) A
vy ES FE)
KR10-2021-0124232A | HHE & 2= ®|IAY o, -Bacillus tianshenii strain P46

(2020-12-14)

o] 2]
%TZL’;

v A= A 5

mail Hou

28

EF 2 A

=4 43}t

KR10-2022-0154426A
(2021-05-13)

E ]‘3‘ ‘§-< %:LA
LHHO] M—]— @%tﬂ
ARltol thaf &+
24 AL npale 2
| 7}H| 2] SRCM116265
25 9 o9 8%

-Bacillus megaterium SRCM116265

~E g A8 33

KR10-2022-0160964A
(2021-05-28)

-Novosphingobium sp. CuT1

KCTC14573BP
P BgE 2
-5 43}

W02022-217796A1
(2021-08-16)

CADMIUM-REDUCING
BIOLOGICALLY
MODIFIED CERAMSITE
AND PREPARATION
METHOD THEREFOR

-Bacillus sp.K1
-4 A3}

US2022-0386541A1
(2022-06-06)

METHOD FOR
IMPROVING CADMIUM
TOLERANCE IN RICE
AND REDUCING
CADMIUM CONTENT IN
RICE GRAINS

-Falciphora oryzae FO-R20
-2=A Q)

US2023-0114795A1
(2022-11-30)

STRAINS CAPABLE OF
REDUCING HEAVY
METAL CONTENTS IN
VEGETABLES AND
IMPROVING QUALITY OF
VEGETABLES AND
APPLICATION THEREOF

-Bacillus subtilis W7 CGMCC20043
-Bacillus subtilis W25 CGMCC20042
=4 A3t

EF 2 A

0z
ol

,41,

0=
MHo
iRl
O
I




AERETH 9 FHH g U E

TE/EF/NUE )
) g o] A 719 54
(=499
iron-oxidizing bacterial population
>bacteria Acidiferrobacter thiooxydans,
Acidithiobacillus ferrooxidans,
Leptospirillum ferroxidans,
METHOD FOR Leptospirillum ferriphilum,
US2016-0138128A1 BIOLEACHING A METAL | acidimicrobium ferrooxidans
(2014-06-10) PRESENT IN A Sulfobacillus thermosulfidooxidans,
MATERIAL

Acidithiobacillus caldus, Acidianus
brierley, Sulfobacillus acidophilus,
Actinobacterium sp., Acidocaldus
organivorans and Alicyclobacillus
ferroplasma.

US2020-0140806A1
(2019-11-06)

FOOD GRADE BACTERIA
FOR THE REMOVAL OF
TOXIC COMPOUNDS

-Lactobacillus:

>Lactobacillus reuteri RC-14,
Lactobacillus casei 21052, Lactobacillus
casei 393T, Lactobacillus rhamnosus
GR-1, Lactobacillus rhamnosus R3,
Lactobacillus rhamnosus R37,
Lactobacillus johnsonii 20553,
Lactobacillus plantarum 14917T

=4 HPET F5 G DE

A2

KR10-2023-0111706A
(2022-01-18)

rr 2
to
all iy
W
{ rlulm

4=

A A&

o, 1o il
o %
ol

BN [

-Lactobacillus sp. Bifidobacterium sp.
Enterococcus sp. Pediococcus sp. 2
Streptococcus sp. & 1%

>Lactobacillus sp. : lactobacillus
acidophilus, latobacillus gasser,
lactobacillus lactis, Lactobacillus
paracasei, Lactobacillus helveticus,
Lactobacillus reuteri, Lactobacillus
rhamnosus, Lactobacillus caseli,
Lactobacillus fermentum, Lactobacillus
plantarum

>Bifidobacterium sp. : Bifidobacterium
infantis, Bifidobacterium bifidum,
Bifidobacterium lactis, Bifidobacterium
longum, Bifidobacterium breve

>Enterococcus sp. : Enterococcus
faecium, Enterococcus faecalis

>Pediococcus sp. : Pediococcus
pentosaceus

>Streptococcus sp. : Streptococcus
thermophilus




BEHTH E "BE

o] 53

=

US2015-0353982A1
(2013-12-30)

e 2 "y 7
ole] mA= AA| =
TES 5T 2ok &8

-Mixture

>microalgae: Chlamydomonas nivalis.,
Chlorella vulagris, Scenedesmus
dimorphus

>cyanobacterium: Arthrospira platensis
>G+ bacteria: Bacillus subtilis

- A5 )

US2020-0222955A1
(2018-02-07)

METHOD FOR
DISPOSING OF
CONTAMINATED
DEPOSIT SOIL AND
RECYCLED
RECLAMATION SOIL
USING SAME

-mixed strain NIX51 KACC81038BP
~E9F 43}

US11351583B2
(2018-11-15)

Method for
bioremediation of heavy
metal contaminated soil

-Mixture : bacterium % fungus

~E9F A3}

US2020-0180985A1
(2019-05-07)

Method for
bioremediation of heavy
metal contaminated soil

-Mixture
>bacterium % fungus

~E9F 33

US10843242B2
(2020-01-23)

Remediation method for
degradation of cadmium
in soil

-Bacillus mucilaginosus % Streptomyces
jingyangensis

~E9F 33

JP2021-045121A
(2020-09-07)

= Ay A, e
-, v E IR wF
W B e AE e

-Mixture: manganese-oxidizing bacteria
2 methylotrophic bacteria
(methylotrophs)

> methylotrophic bacteri a: Methylibium
sp. R1-5 (NITE AP-03266) 2
Methyloversatilis sp. R1-7 (NITE
AP-03267)

-2 Ak A

-17 WA| 19C

EP4077226A1
(2020-11-20)

RHODOCOCCUS AND
MARINOMONAS STRAINS
FOR BIOREMEDIATION

-Mixture
Marinomonas efl @ Rhodococcus efl

4 A3

,43,




AERZH TF B EAS
TEHENHE
_ o) 9 el 54
(E4Y)
METHOD FOR
IMPROVING THE
EFFICIENCY OF -Mixture: phosphorus solubilizing
B ELECTROKINETIC bacteria, photosynthetic bacteria (PSB),
U52°%§0§f§§§§27§1 TECHNOLOGY FOR yeast, and lactic acid bacteria
REMOVING POLLUTANTS .
FROM SOLID MATRIX -EY 43}
BY USING A MIXED
MICROBIAL SOLUTION
BIOREMEDIATION AN AT W 54 S
SYSTEMS FOR 3714 mAE 2 14 P&
US2023-0203414A1 | WASTEWATER A EH% )
(2023-01-30) | TREATMENT AND mho s oF L o
METHODS FOR THE USE | -3 % =l oF 1% A <F
THEREOF 30%0]/\1- 71-/\
3-2 F&Y
- MAE Y/Es E4AE o] &% 7}_‘:—%54 Azl 7 #Esty, FAWS 74, BEY A3
2 FTEE T5 A5 AEHE ZHeE 244,

- 2 7l EokollA 2AME &Y $AE PAEEE, 7E B3 #Hst Ceriporia Lacerata
KUC8111, Bacillus catenulatus JB-022 KACC91896P % Bacillus sp. SRCM112835 7} o™,
T54% $5 A8 #HES Pediococcus pentosaceus FB145 KACC 81089BP7} {31

- w3, 2 A3zl FH3te] Manganese-oxidizing bacteria, Anabaena sp., Nostoc sp.,
Microcoleus sp., Oscillatoria sp., Calothrix sp., Phormidium sp. blue green algaed} Z2 =
HY S A= 2 Metallothionein® ZA =, Chlamydomonas reinhardti, Euglena gracils,
Euglena mutabilis 72 Flagellate Green Algae”} ZAHE.

- B 7ls EoklA =AM £ mAEREE, 7 A3t d-ste vlole FAAE AMREE=

o

filamentous bacteria, non-filamentous bacteria, fungi Z+ algae”} )

- B 7lg BoblAe FEASA B E4E o] 8T A3} Ve AEA AstE

,44,



KR10-2014-0128712A
(2013-04-29)

Mg o} =hA|etet
KUC8111 3, A7)
59 Hpol w2~
B 9 o] E o] &3t
Ft=E AA U

-Ceriporia Lacerata KUC8111

4 A3

KR10-1540862B1
(2013-12-16)

FoleH A= o
2 5%e 2
Hh e 2 Fhe e
JB-022 #++ ¥ o]&
o] 8% wlo] om) s

al

4=
=

o

1

-Bacillus catenulatus JB-022
KACC91896P

Ak = A2

PN
-3

KR10-2020-0107384A
(2019-03-07)

JIEES AAsE
Ao dF

A EAA -2 FBI45 &5
949 7] FF2 58

-Pediococcus pentosaceus FB145 KACC
81089BP

= 12~
S|

==

TE5 A5

KR10-2022-0034276A
(2020-09-10)

FoleH a&ol &4
A5e 2t wpaYs &

SRCM112835 #3 2%
o9 £&

-Bacillus sp. SRCM112835

T34/ @ stel e nAE

(2018-04-06)

= = WHEUGLENA)
Hhol 2.v) 2 ARg

W3 Aks) Alete] 1A o :
JP6719092B2 W ok Wb, Hlo] o Wyt -Manganese-oxidizing bacteria
(2015-03-13) AsLEo] A v 2 _ <
Fael 3% Ta e
-EP 9S4 YE 2L Metallothionein
KR10-2018-0079227A | =5<% 24 B9 >EH Y S| E-2 Anabaena sp.,
(2018-01-02) A 3} Nostoc sp., Microcoleus sp., Oscillatoria
sp., Calothrix sp., Phormidium sp. blue
green algae
229 Aty 93 -Flagellate Green Algae
b ol gl&aElE A=E
JP2020-516768A ey Hestd ded >Chlamydomonas reinhardtii, Euglena

gracilis, Euglena mutabilis
AsHF T A 2])

PN
-3

3 £ MAE

US2018-00290102018
-02-01
(2016-01-25)

A METHOD FOR
REMOVAL OF METALS
FROM AQUEOUS
SOLUTIONS USING BIO

ADSORBENTS

-filamentous bacteria, non-filamentous
bacteria, fungi =+ algae

4 A3

U R4 o E4

1) Polychlorinated Biophenyls (PCBs)

D-1 AEREFH

= 0|83} Polychlorinated Biophenyls (PCBs)e] A3} 7]&3}
T4 9 HAAfF AsfA AHREE o2 E4E.
A BY 49 vAERE EY e 2 Ag

,45,
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Acidimicrobiaceae Feammox bacterium A6 PTA-122488, Dehalococcoides sp. NITE P-02893
(3]

w3k 2 A3l #Este] 94 vhe| glolel G. midousuji strain J2 SHB2-J2, Geobacillus
thermodinitrificans, Lactobacillus, Z=+=YeastQl Saccharomyces cerevisiae strain 1026S AF-&
sh= 71so] =AM [E]

o] 9]o|%, microalgae, cyanobacterium 3 G(+) bacteria &3 PI¥=S o] &3 +2 A3}
71% 2 KCTC 10623 BPollA] A&l Bacillus sp. Cyl06, Pseudomonas sp. Cyl00,
Brevundimonas vesicularis Cy101, Brevundimonas vesicularis Cy102,

Brevundimonasvesicularis Cy103, Bacillus stearothermophilus Cy104, Bacillus sp. Cyl07,

Pseudomonas aeruginosa Tnh, &/ &3l 28 4 MU W24 +F 2 53 #5<

Nz2001 ¥+ =55 xgskal, EBCI000 AM+&d&A KCTC 0652 BPollA A8l Bacillus

cereus EBC106, Pseudomonas sp. EBC107 FE X &3}= NBC2000 M3 &AE ©]&3+
AR W PCBse] 5% 4 7leo] =AM (]

= nAE Y/EE= §42 o]&3F Polychlorinated Biophenyls (PCBs)&]
o, 34, A, ¢ W 7HEHIYEE Y B3 Ve 2AE

STEENHNE
. o] WA 7149 EX
(LY
Methods and compositions | -Acidimicrobiaceae Feammox bacterium
US9815723B2 for nitrogen removal A6 PTA-122488
(2015-05-08) using feammox .
microorganisms -EY e 7d A
Methods and compositions | -Acidimicrobiaceae Feammox bacterium
US10479712B2 for nitrogen removal A6 PTA-122488
(2017-09-18) using Feammox o .
microorganisms B e d A
-Dehal i . NITE P-02
EvZzzdgd o ehalococcoides sp. NI 02893
1,12-E8|EZ 2 &S -8 38 RO A £ A 2
JP2021-0000314 gaow Baah g2 47 shgEe Bz

(2019-06-21) a2z solg s AlF | DezAs

13 o x]3l vy
AslA 2 st v B} w 24 W3

AEHZTH 9 FHe g nAyE
BIOREMEDIATION OF -thermophilic bacterium
PERSISTENT ORGANIC >G. midousuji strain J2 SHB2-]2,

POLLUTANTS USING . e
THERMOPHILIC Geobacillus thermodinitrificans

BACTERIA =2 A3}

-Saccharomyces cerevisiae other species
Bioremediation enhancing | Of budding or fission yeast.

USlOggf??gg_%) agents and methods of

use

US2014-0042087A1
(2013-02-04)

> Saccharomyces cerevisiae strain 1026
e L)

,46,



-Mixture

>microalgae: Chlamydomonas nivalis.,

US2015-0353982A1 MICRO-EVOLUTION OF thorella vulagris, Scenedesmus
(2013-12-30) MICROBES dimorphus

>cyanobacterium: Arthrospira platensis

>G+ bacteria: Bacillus subtilis
-Al#-Es A NBC2000 A3 A
KCTC 10623 BPollA] A&l Bacillus sp.
Cy106, Pseudomonas sp. Cyl00,
Brevundimonas vesicularis Cy101,
Brevundimonas vesicularis Cy102,
Brevundimonasvesicularis Cy103, Bacillus
stearothermophilus Cyl104, Bacillus sp.
KR10-2045301B1 &S ©]83 PCBs® | Cyl07, Pseudomonas aeruginosa Tnh,
(2018-02-01) el %% B3l 29 24 A W24 #5
9 {3 FF< Nz2001 o 55
;1.6‘1-0]—1 EBC1000 A|++-&&3] KCTC
0652 BPoll 4] A1 €l% Bacillus cereus
EBC106, Pseudomonas sp. EBC107

==
2= ::L_—G]'

-AdH U PCBse &%E& 50ppm

OFO
Ol

¢

2) Polychlorinated dibenzo-p-dioxins (dioxin)
2-1 BERZTH

£ o] &3} Polychlorinated dibenzo-p-dioxins 2] A3} 7]
THE EY, 72 ¥ Eg2E HUE AHgdA AMREE AR 4 E.

- B 7]E HopolA AME B A vAERE, EY A3 ¥l Sphingomonas
sp.NB-1, EF == 42 A3} ##H3ste Dehalococcoides sp. NITE P-028937F ZALE ATk
[¥% 19].

- T3 4 Aslkel #A-Eete a9 " gloll G midousuji strain J2 SHB2-J2, Geobacillus
thermodinitrificans, YeastQl Saccharomyces cerevisiae strain 10262 AM-&3l= 7|&3 B9k
At #AASIS  Dehalococcoides  spp., Dehalobium  spp.,  Desulfitobacterium — spp.,
Desulfomonile spp., and Geobacter spp.3} %2 dehalorespiring microorganisms<!
POP-degrading bacteria %=+ POP-transforming bacteria® AM-&3l= 71&0] ZAME [#]

- o] 9Jo|%, microalgae, cyanobacterium % G(+) bacteria E§ P|AUES o] &3 =2 HF
#H4 ) 7s 2 N0V05p]z1'ng0b121m Pentaromativorans US6-1 2 Corynebacterium
variabile 1C10S o] &3t EF A3l 7|&o] A [#]

- o] 9o, HIER ZTxE B nAEe a4 A AS 531, protease activity,

,47,



o]
AN

manganese peroxidase activity, lipase activity7} Aspergillus flavus % Curvularia
eragrostidlis,, protease activity, manganese peroxidase activity, lipase activity, laccase
Aspergillus niger, manganese peroxidase activity, lipase activity, laccase

Pseudomonas aeruginosa® 434S

[ R=S
AA

o]
AN

activityo]
activity©]

o]-83%+ Polychlorinated dibenzo-p-dioxins | %

&2
%
lo

(2014-05-03)

ol S41Fol B

ESEVES L ]
s wee] 9y 7o) 54
JP2015-211816A WA Alg 2 -Sphingomonas s.p.NB-1

~E9F 43}

JP2021-000031A
(2019-06-21)

EfZzZogdyd 2
1,1,2-Eg| 222 &S
ogd o7 Hajst=
gz aso|d2g A,
AsA 9L A3 Ui

-Dehalococcoides sp. NITE P-02893
e

AERZTH 2% el ndE

US2014-0042087A1
(2013-02-04)

BIOREMEDIATION OF
PERSISTENT ORGANIC
POLLUTANTS USING
THERMOPHILIC
BACTERIA

-thermophilic bacterium

>G. midousuji strain J2 SHB2-J2,
Geobacillus thermodinitrificans
54 g3t

Organic biofilm substrata
as a microbial inoculum
delivery vehicle for

-POP-degrading bacteria or
POP-transforming bacteria
<dehalorespiring microorganisms

(2017-05-05)

agents and methods of
use

US9463496B2 bioaugmentation of Dehalococcoides spp., Dehalobium spp.,
(2015-02-03 persistent organic Desulfitobacterium spp., Desulfomonile
pollutants in spp., and Geobacter spp.
contaminated sediments -HAMIA = 2
and soils -E¢ 43t
Bioremediation enhancing —SacchahromycesA cerevisiae other species
US10179355B2 of budding or fission yeast.

> Saccharomyces cerevisiae strain 1026
)

REHTH £

el eihs

US2015-0353982A1
(2013-12-30)

MICRO-EVOLUTION OF
MICROBES

-Mixture

>microalgae: Chlamydomonas nivalis.,
Chlorella vulagris, Scenedesmus
dimorphus

>cyanobacterium: Arthrospira platensis
>G+ bacteria: Bacillus subtilis

T2 AsHHT A=)

=

KR10-2231144B1
(2019-09-09)

-Mixture:

>Novosphingobium Pentaromativorans
US6-1 2 Corynebacterium variabile
IC10

-9 A3}
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W02023-094891A1
(2022-01-25)

PLASTIC WASTE
DEGRADATION BY
FUNGI ISOLATED FROM
PLASTIC GARBAGE
AROUND TEHRAN

Aspergillus flavus, Curvularia
eragrostidlis, and Aspergillus niger
fungi: protease activity

Aspergillus flavus, Aspergillus niger,
Bipolaris sorokiniana, Curvularia
eragrostidis, and Pseudomonas
aeruginosa fungi : manganese
peroxidase activity

Aspergillus flavus, Penicillium commune,
Curvularia eragrostidis Aspergillus niger,
and Pseudomonas aeruginosa fungi :
lipase activity

Aspergillus niger fungus and the
Pseudomonas aerugiosa bacterium :
laccase activity

Aspergillus niger and Bipolaris
Sorokiniana fungi : urease activity

Aspergillus niger :

-H7 =R S &l
28 =4

laccase gene

ool Ea

microalgae, cyanobacterium % G(+) bacteria €% FIAES o] &%

o} A2
- e BEE S4F o83 AlxA At
5l A2 Aol AH8EE AT
- 2 71E ZoklA 24 2 8 A
Hlew, A= A7 ks Ttk
- &3,
A2 7= =AM [E]
[E] Dld=5 ol8%

,49,
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n] A E 2= Bacillus megaterium SRCM1162657F A}
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] EERE Nl 54
(299
-Mixture

>microalgae: Chlamydomonas nivalis.,
Chlorella vulagris, Scenedesmus

US2015-0353982A1 MICRO-EVOLUTION OF | dimorphus

(2015-12-30) MICROBES >cyanobacterium: Arthrospira platensis

>G+ bacteria: Bacillus subtilis
-7 A H S A

, /51 _%“é -Bacillus megaterium SRCM116265

A8A 75

KR10-2022-0154426A
(2021-05-13)

pat

Ein
g 7}11” e s | -EY
H

Fﬂémﬁrﬁém'rki

iy
o oo g%

2. ASA
1 32}E] 2(Methyl parathion)

- e g —t— A ol g setelee] H3 slee, B4 PR A5 wE
2ol AgHE Aoz B4,

i

ol

{
A

- 834F o83 A8} &2 FE JMgEdl E&(parathion hydrolase)oll Al FeEld &
Ho] phosphotriesterase (PTE) &E4E o]&3ste] wetE| &S Z3I3 {7]Q shetEol o3l

53¢ Avste Ao 2AH [H]

%R

- T3 nAYES o] 83 A3} 7]&=Z Lactobacillus reuteri RC-14, Lactobacillus casei 21052,
Lactobacillus casei 393T, Lactobacillus rhamnosus GR-1, Lactobacillus rhamnosus R3,
Lactobacillus rhamnosus R37, Lactobacillus johnsonii 20553, Lactobacillus plantarum 14917T
N de=E= A3 7Fs3 LactobacillusE o83t =4 3td=9 FE AAGIE 2
= Aeste 71eo] =AM [E]

,50,



(2018-07-17)

Mutated PTE enzymes

(parathion hydrolase)

5% 9y 9 As

AEHEFH
TE/E/NHE
DR 7ol 54
(49
-Mutated phosphotriesterase (PTE)
enzyme
US11466261B2

US2020-0140806A1
(2019-11-06)

FOOD GRADE BACTERIA
FOR THE REMOVAL
OF TOXIC
COMPOUNDS

-Lactobacillus:

>Lactobacillus reuteri RC-14,

=4 HHE 5

Lactobacillus casei 21052,
Lactobacillus casei 393T,

Lactobacillus rhamnosus GR-1,

Lactobacillus rhamnosus R3,
Lactobacillus rhamnosus R37,
Lactobacillus johnsonii 20553,

Lactobacillus plantarum 14917T

A=)

AAE = B/ Es

2) &= =98] X 2(Chlorpyrifos)2}E]-2&(Methyl parathion)

nAyE d/EEs §45 o] 83 FREN X2 A3} Ve, BEY FE 2 AEA A}
2 F= o g Ao AMREE ZloE EA4E.

nAES o] &3 A3 reEe, BEFS 3dES FEIANII= FYo| = Acinetobacter
sp. 4-2-2 KACC 92198P, Acinetobacter sp. M4-1 KACC 92200P¢ 2]3t EoF = 21 &4 A
sl 7]&, 9 Bacillus amyloliquefaciens KS-ROI(KCTC 13558BP), Bacillus siamensis

KS-R02(KCTC 13559BP), Bacillus velezensis KS-RO3(KCTC 13560BP), %! Bacillus tequilensis

KS-RO4(KCTC 13561BP)& =5 =

ENE]

=

Faie ¢

Z‘é%‘r% A g8k

,51,
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71% 2 cocaine esterase=

A3}l 71<=Z Pseudomonas aeruginosa 22 cholinesterase<-

ol g &

Job

71

o]
71¢]

T
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A}

Elasi

d-7]

ol & BY B 4 A3} 7o
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TEHENNE
DEERE %] 54
(EF¥Y
sof #3 5He e |
KRlO(—1970333B1) O EbE & 4-2-2 -Acinetobacter sp. 4-2-2 KACC 92198P
2017-11-10 #ZF 9 ol2 xdlal= Cmob W Amal s
o Hole 4% =5 e A
wok 23 5Eg e |
KR10-1970336B1 oA Y EutE & M4-1 -Acinetobacter sp. M4-1 KACC 92200P
(2017-11-10) #Z 9 o)l2 x 3=

KR10-1994072B1
(2019-03-13)

AR AAE AT
=8t mAEA YA

-Mixture

>Bacillus amyloliquefaciens
KS-RO1(KCTC 13558BP), Bacillus
siamensis KS-R02(KCTC 13559BP),
Bacillus velezensis KS-RO3(KCTC
13560BP), ¥ Bacillus tequilensis
KS-RO4(KCTC 13561BP)& =F X%+

“EF 9 54 A

boi
P

US2023-0026578A1
(2020-07-02)

A recombinant protein
produced from
cholinesterase gene
derived from
Pseudomonas aeruginosa
and the composition
comprising the same for
treating or preventing a
neurological disease

-cholinesterase
>Pseudomonas aeruginosa -

-5 o 2 A

W02023-004152A2
(2022-07-22)

COMPOSITIONS,
METHODS, AND
ARTICLES COMPRISING
COCAINE ESTERASE
FOR DETOXIFYING AN
ORGANOPHOSPHATE-BA
SED AGENT

-cocaine esterase

-F7104kE Z1RE A A s =

3) ¥}2}-8-&(Paraoxon)

nAE Bl/Ee E4F ol &7 dekEEe] A3t Ve, #7147k AlA s Fel Ag-H

cocaine esterase-2 ©]-&3F F7|A4I-71HE AA| dF Ve &



fok
B>

W] 5y 7140

COMPOSITIONS,
METHODS, AND
ARTICLES

COMPRISING -cocaine esterase

WOy L COCANE ESTERASE | _ _

FOR DETOXIFYING | -#71d4td 716k A A &=

AN

ORGANOPHOSPHAT

E-BASED AGENT

J{m
o

nAE BEE E4E 087 & AEo B HT 104973 587 BA= o,
2 7)E BopollA= 10719 did 54 B4 7ked, &, 72, 7IEES 22 a5 &
d 53 E¢o] sy on, PCBs ¥ dioxins? Z& IFA F71edEd #d 53+=

= =
14(2021.04.27) 299 Ao zAE. =3, PBPKs(EZe¥y ZReER), 24-T1222
| = A o} A E4H2,4-Dicholoro-phenoxy acetic acid), Z}2}e]-2(Methyl parathion), EZ21]g]
32 2+(Chlorpyrifos), ¥ehs-<&(Paraoxon)= oz 3 AE B4 53l 2AEA &+

ol

HNAE Qs 845 o8 W, T, JlEw A #dd JleERe f=dEdv
Methylobacter tundripaludum} 22 A EAYES o] &3+ &

ERE, QA& 55 o83 LH4=de AAse FAHEA Vo] U=

TR CYP4S0 E4-F o83 A= 7led 9, 72, 7283 22 55 89 oflz
= o] 7_]
T T =]

PCBs ¥ dioxins¥} #<& %+

AL o83 =4 A3 Foke =AY 53 A BAe ¥skeH, F A3 e
Caulobacter crescentus strain, CC3625 @ cystein synthase, dioxins A3} 7|2 #H7|&
28y Zg2¥ B3I nA =2 protease, manganeses peroxidase, lipase, laccase T+
urease 59 E4& A AN FEEYE XX At 7|EE Pseudomonas aeruginosa
cholinesterase, 2 F7|4tA(EF 220~ g&L4) 7|6k AA = 7]€=2 cocaine
esterase #H 7|Eo] ZAME.

HAE B/EE 45 o83 54 HAE 9 A3 Zisd g HZ 10493 53 &0l
22 kom, 107 i B4 EAES JFoR, FEEM, £, 2R #E EF ) A
3 R FrldEEd Y EEYYCIEE vlolH L (PCBs), thel<4l(Polychlorinated



dibenzo-p-dioxins) % PBPKs(Z2|X28 ZFEAIER), A2A LFEH 24-HEZ2H =
AloFA E4H2,4-Dicholoro-phenoxy acetic acid), t2}€]-2(Methyl parathion), ¥ Z4] 24
E291 gtz}be]&(Methyl parathion), & & =383 2(Chlorpyrifos), 2 3}e}-2-<(Paraoxon)l
o3k 53] &Eo] A3 Az Aoz B4,

,54,



A3d Fo=F &4
L A4 8l =% E48

OPubmed A5E oz st7]e] AMAE o]gsto] mAE Bl/Es E4F o83 54 =
A A& 9 A3} 7l& Fokoll Wit A 10d9] =58 AN A, F 237439 =&

=
o] A= oM, o5 7heH 9049 FE =S =5

7y, A47]

O((mercury reductase) or laccase or tyrosine or P450 or lignin or dehalogenase or
acetylcholine) AND (cadmium or lead or mercury or biphenyl or PCB or
polytetrafluoroethylen or PBPK or dioxin or phenoxy or parathion or chlorpyrifos or
paraoxon) AND (detection or sensor or monitor or measure or clear or bioremediation or

remote or remediation)

Te5

- N Y AE | A8 HH2 .-

No. LAdEA 54714 Nz | e LOD = £ 3]
Garcia-Delg
1 k=1 Agaricus bisporus 0 ado C et al.
2015
2 k=1 Pleurotus ostreatus 1SS-1 0 Wang Y et
al. 2019
. Eltarahony
3 g ow ose nitrate reductase / 0 30° C M et al

Proteus mirabilis 10B
2020
A so Mercuric reductase / o 25-40 Dash HR et
Bacillus thuringiensis °C al. 2014
5 s Mercuric reductase / 0 Mgller AK
Flavobacterium sp et al. 2014
= AA L

No LHEA Ex74 fz jz LOD 5]_2” &5
6 so Mercuric reductase / o 37-45 | Giovanella P
Pseudomonas sp. B50A °C et al. 2016
7 so mercuric reductase / o Lu X et al
Geobacter bemidjiensis Bem 2016
8 s mercuric reductase / Sphingobium o Mahbub KR
SA2 et al. 2016
9 s firefly luciferase / 0 Gabriel GV
Macrolampis sp2 et al. 2016
10 so mercuric reductase / o Mahbub KR
Sphingopyxis sp. SE2 et al. 2017

,55,



1 o mercuric reductase / 0 Dash HR et
T Bacillus thuringiensis al. 2017
1 o mercuric reductase / o Bafana A et
T Lysinibacillus sphaericus strain G1 al. 2017
mercuric reductase / Chen SC et
13 T ]
Enterobacter cloacae B7 al. 2018
1 N mercuric reductase / o Naguib MM
T Stenotrophomonas maltophilia ADW10 et al. 2019
mercuric reductase / Shi LD et
15 T . . ]
Methylocystis species (HL18) al. 2019
e . L Singh S et
16 T mercuric reductase / B. thuringiensis 0
al. 2020
Branyikova 1
17 T ARL1 / Bacterial Bioreporter E. coli AHyTove
et al. 2020
18 N mercury reductase / o Singh S et
e Morganella sp. strain IITISM23 al. 2021
19 N mercuric reductase / o Farooqi A et
e Bacillus nealsonii strain KBH10 al. 2021
. mercuric reductase / Arregui G
20 T . . O
Ensifer medicae et al. 2021
. demethylase / Wu C et al
21 T . .. (0]
Metarhizium robertsii 2022
Al-Ansari
N merA /
22 T i ] MM et al
Marinomonas sp. RS3
2022
mercury reductase / Singh S et
23 T ) ]
Citrobacter sp. IITISM25 al. 2022
merA Amin A et
24 T ) ]
[BacilluscereusAA-16,18,20,30,35 al. 2022
No. 24dE4 5A4/719 o &3
&
merR2 / .
. Biet to KA
25 T Pseudomonas pseudoalcaligenes CECT 0
et al. 2023
5344
. mer / Zhao M et
26 T . . (0]
Rheinheimera tangshanensis (RTS-4) al. 2023
o7 N mercuric reductase GbsMerA / 0 Pardhe BD
T Gelidibacter salicanalis PAMC21136 et al. 2023
mercury reductase merA / Harsonowati
28 se cury reducta 0 W et al.
Bacillus altitudinis
2023
Saha BK et
29 T - |/ Bacillus tropicus 0
B P al. 2023
20 N - | Rheinheimera metallidurans sp. 0 Yadav V et
T nov. DCL_24T strain al. 2023
3l N superoxide / Aerobic Marine 0 Zhang X et
T Bacterium Alteromonas sp. KD01 al. 2023
39 P me'rcury reduc"[asr's / 0 Hu L et al.
Acinetobacter indicus yy-1 2021
. . Liu H et al
33 Ha===3 laccase / Clitocybe maxima 0
2015
Wang Z et
34 Ha===3 laccase |/ Trametes versicolor 0 &
al. 2020
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Chen Y et

A=R= - PU1
35 Ha===3 | Staphylococcus quorum PU 0 Al 2023
748 F7I L ERJAGEEA)
e | s HH2 N
. dEZ i4/714 LOD 2
No LEE3R 719 Az | 72 < EA
lignin peroxidase /
=4 P Chrys‘o,SpO'fm;l o Twala PP et
36 cdza Chrysonilia sitophila, Streptomyces Al 2020
sp.,
Bacillus cereus
57 =4 reductive dehalogenase / o Zhao S et
CHEH Dehalococcoides spp. al. 2021
38 Aed o / Pleurotus ostreat 0 g0 ¢ | Kumar W
coza accase eurotus ostreatus ot al 2022
A=4 | Trametes trogii Lac (Ttlecl) / Asemoloye
%9 ; c:u;_] Trametes trog? ac (Ttlcc o D et al
LHAE rametes trogii 2099
40 H =4 phenol hydroxylase and peroxidase / o Xu N et al.
SHER Acinetobacter Iwoffii NL115 strain 2023
e | s HH2 N
. dEZ i4/714 LOD 2
No LEEA 719 Ne | ne < EX
Al Z93n = | reductive dehalogenase / 0 Wang S et
<J(PCB) Dehalococcoides mccartyi al. 2014
2 Z893n = | reductive dehalogenase / 0 Wang S et
<J(PCB) Dehalococcoides mccartyi JNA al. 2015
i3 Z g 9g3}n# | reductive dehalogenase / o Matturro B
J(PCB) Dehalococcoides mccartyi et al. 2016
u Z g d3n 9 | reductive dehalogenase / 0 Matturro B
J(PCB) Dehalococcoides mccartyi et al. 2016
55 Z g 9g3}n# | reductive dehalogenase / o Sohn SY et
J(PCB) Dehalococcoides mccartyi al. 2016
i Zg]9g3lnl9 | PCE/PCB dehalogenase / o Matturro B
<J(PCB) Dehalobium chlorocoercia et al. 2017
Z 2| 3n) 5 Siracusa G
47 Z(P?B) ] laccase / Pleurotus ostreatus ] et al 2017
18 Z g 9g3}n# | reductive dehalogenase / o Mattes TE
d(PCB) Dehalococcoides mccartyi strain CG5 et al. 2018
19 Z g 9g3}n9 | reductive dehalogenase / o Chen C et
2 (PCB) D. mccartyi CG4 al. 2018
50 Z g 9g3}n# | reductive dehalogenase / o Ewald JM et
2 (PCB) Dehalococcoides spp al. 2020
sy | T . LBM 023 Sadarfioski
1 e | saneuiea S 0 MA et al.
= . sajor-caju 2020
52 Z g3 H | reductive dehalogenase (RDases) / 0 Qiu L et al.

,57,




organohalide-respiring bacteria

<2(PCB) 2020
= (OHRB)
laccase [ T. versicolor,
eroxidase/Ac.sclerotigenum., )
e kb P . & Germain J
53 U 71 9] Penicilliumchrysogenum, ]
J(PCB) ) et al. 2021
P.citreosulfuratum,P.canescens 2
Aspergillusjensenii
51 Zgld3ng | laccase (Lacl 2 Lac2) / o Nikolaivits E
2 (PCB) Cladosporium sp. TM138-S3 et al. 2021
biphenyl dioxygenase(BphA) /
Z g EsnlH pheny e p Hara T et
55 Comamonas testosteroni YAZ2 % (0]
<J(PCB) . al. 2021
Burkholderia xenovorans LB400
N A€ | A HH L -
No. LYEA 4714 LOD =
= - Ne | Az =
glyceraldehyde-3-phosphate
dehydrogenase, basal transcription .
; 11 . Chelaliche
56 Zg g3y | factor 3, short chain reductases, 0 AS et al
J(PCB) aldo/keto reductases, laccases 2 2021'
versatile peroxidase /
Pleurotus pulmonarius LBM 105
laccase ¥'manganese-dependent .
Z g EsnlH ) & P Srédlova K
57 peroxidase (MnP) / Pleurotus 0
<J(PCB) et al. 2021
ostreatus
protease, phosphatase, catalase,
dehydrogenase, 2 laccase /
Eofe] e ol 3
(Actinobacteria, Proteobacteria,
e k] o Du J et al.
58 Chloroflexi, Firmicutes, (0]
J(PCB) . . . 2021
Acidobacteriota, Bacteroidota,
Gemmatimonadetes, Myxococcota,
Desulfobacterota, and
Methylomirabilota)
e kb i Ewald M et
59 rdhA / Dehalococcoides sp. )
J(PCB) al. 2022
60 Z g d3n 3 | PcbAS-like reductive dehalogenase / o Xu G et al.
J(PCB) Dehalococcoides 2022
61 Z g g3 n 9 | reductive dehalogenase mbrA / o Xu G et al.
<(PCB) Dehalococcoides mccartyi Strain MB 2022
graphene oxide (GO)-assisted
6 Z 2] 93}n ¥ | bacterial agent / Bradyrhizobium o Li R et al.
J(PCB) diazoefficiens USDA 110 (B. 2023
diazoefficiens USDA 110)
63 Z 8 93u# | reductive dehalogenase / o Dang H et
J(PCB) Dehalococcoides mccartyi al. 2023
64 Z g 9d3ku | | oxidase (o}rl= laccase) o 0 Maucourt F
J(PCB) peroxidase / Dothiora sp., Aspergillus et al. 2023
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sp., Trichoderma harzianum,
Alternaria sp. 2 Cladosporium sp.

cytochrome P450 monooxygenase

65 ZZd3skal | | P450BM3 &4-°] A264G, L188Q, QG, 0 Ishida Y et
<4(PCB) LVQ, ¥ GVQ EdHolAE / al. 2023
Bacillus megaterium
66 Eg]g3nld| | reductive dehalogenase (RDase) / 0 Zhang S et
J(PCB) Dehalococcoides mccartyi strain CG1 al. 2023
_ Az | A% HH N
No. LAEEZ i4/714 LOD 2
=] 719 Az | 72 < &4
67 o] &4l reductive dehalogenase / 0 Liu H et al.
(dioxin) Dehalococcoides mccartyi 2014
68 Tho] &4l reductive dehalogenase / o Dam HT et
(dioxin) Dehalococcoides mccartyi CBDB1 al. 2017
69 tho] 54l Aryl hydrocarbon receptor-based 0 Otarola G et
(dioxin) bioassay / yeast al. 2018
70 ol &4l cytochrome P450BM-1 / o Hanano A et
(dioxin) Bacillus megaterium A14K al. 2019
ol &4l L . Miao Y et
71 . Pseudonocardia dioxanivorans CB1190 0
(dioxin) al. 2020
79 to] 54l FMD21 #l1d Wy 84 fHA 4 0 Dao ATN et
(dioxin) laccase isozyme / Rigidoporus FMD21 al. 2021
2-haloacid dehalogenase /
tho 41 cdenaogenase £ Nguyen BT
73 o Burkholderia cenocepacia strain 0
(dioxin) et al. 2021
869T2
o] g4l . Dao ATN et
74 o laccase / Rigidoporus sp. FMD21 0
(dioxin) al. 2021
A zA|
24-0E2=2
3 = Al obA &
. laccase ¥ cytochromes P450 / Nguyen TLA
75 | 4Hdichlorophe | . . 0
. Rigidoporus sp. FMD21 et al. 2022
noxyacetic
acid)(2,4-D)
A ZA
222982z
Eal Ganoderma sp. JAS4
76 (Chlorpyrifos), | Cellulomonas fimi+ P. chrysosporium, o Magbool Z
3} 2} E] = Aspergillus sydowii CBMAI 935, et al. 2016
(Methyl Penicillium decaturense CBMAI 1234
parathion)
Fz 2398 ) 5-55 Liu J et al.
77 . laccase / Pseudomonas putida 0
2>(Chlorpyrifo ° C 2016
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s)

Sr=ydxz

‘ ‘ Ahir UN et
78 2~(Chlorpyrifo | - / Tistrella sp. AUC10 0
) al. 2020
s
A& | s HH N
No. LEER A4714 LOD =
= - Ne | A& =
superoxide dismutase, catalase, 2
EXEb Db p ' Onder
. glutathione S-transferase /
79 2~(Chlorpyrifo : ) 0 Erguven G
Methylobacterium radiotolerans %
s) ‘ . et al. 2021
Microbacterium arthrosphaerae
S22z
. dehalogenase DehH2 / Oyewusi HA
80 2~(Chlorpyrifo ) o O
) Bacillus thuringiensis H2 et al. 2022
s
81 S acetylcholinesterase / Alcaligenes s 0 A7 Guo L et al
(Paraoxon) y & P ppb 2017
g} Acetylcholi t Thakkar JB
% 2} cetylcholine es erajc,e / o 0.1 oM
(Paraoxon) Electrophorus electricus et al. 2019
83 S Acetylcholinesterase 0 Jia L et al
(Paraoxon) y 2020
hvi Ko
84 fMaet?lT lipase / Burkholderia cepacia 0 0.067 4 ° C Wang Z et
u .
.Y p p uM al. 2019
parathion)
hyl KN
SHErE methyl parathion hydrolase / Behera BK
85 (Methyl L . 0
) Burkholderia jiangsuensis et al. 2020
parathion)
86 22 A acetylcholinesterase 0 20 Yao ¥ et al
© y ng/ml 2019
cytochrome P450 monooxygenases
} . ) Zhao T et
87 A (CYP) / Bacillus spp. 2 Aspergillus 0
al. 2021
Spp.
. manganese peroxidase (MnP) 2 Sellami K et
88 Apa) | nSANESE PeroXied 0
lignin peroxidase (LiP) / - al. 2022
89 AZA laccase ¥ peroxidase / 0 Lopes JM et
< =P al. 2022
Rajagopalan
90 AZA acetylcholinesterase (AchE) biosensor 0 V et al
2023
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Concentration of Pb#* (ing g')

- Garcia-Delgado C et al. (2015 Agaricus bisporus®] inocula
] 2= g 2 oolycyclic aromatic hydrocarbon®] &3l %5<

400 =
w - B
4500 A [ Ism 300 =
i I ssAs . 250
35000 - Top 200 —
3000 J -SA_S b el
2500 B Abisp o 150
20004 = 1o
Tapy 1500 4 £ 4
& = 5 = e
= oo L = ‘S =
2 T ] ji
3 125 Z 24—
= a4 = E
8 1154 g 15—
@ 150 &
2 g ] g
2 100 5 |
75 ] i
50 J o
2 0 2%
-

(S
=

al
=

(28] Agaricus bisporusoll 2|t PAH

(Garcia—Delgado C et al. 2015)

23is

Incubation time (d)

SdE Eoko F9]
5}
.

=
=
Belg

- Wang Y et al. (20192 Pleurotus ostreatus 15S-19 2]+ F £-3l5(53.7%)S &<lst.

" A =& Biosorption = 190 5 B
=8 Biosccumulation - 90
12 4 —A- Ramone rate 95
- L80
T 3
10 /i\ 1 70 < ?: 90 1
) l ™ D L
$ o o & & |
A =} E
/ e F50 o« 2 802
¢ " " © 5 r
4 / L300 £ E 5.
_/IJ l 5 v
A Lo & &
7 4 ; ,"
- -.‘_/ /’;; '10
ale ;—-——P—'—"/H 0 0 Z iz
01 3 5 7 9 11 Cell wall Vacuole Organelle
Time (d)
(28] Pleurotus ostreatus 1SS—10il 2|st & 2alls =tel Z1}
(Wang Y et al. 2019)
2) &

- Gabriel GV et al. (2016)& Macrolampis sp2 @ firefly luciferase ¥Ho]A|E o] &3t

AE AXE 714
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o

[V
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éiS 0 05 1 15 2 ézj 0 02040608 1
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2 t E
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1 L d
05% % N -
063 o o ¥
e 0
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[HgCly] mM [HgCl mM
c d
# 2
35 18

15

R (le16lses)
»
N oW
\
R (ls16/lssa)
RN
-t
.

15 08
064 * ! /
1 04 0s
05 02 o
0 0 0 02 04 06 08 1
0 05 1 15 2 0 05 1 15 2
[HgCl,] mM [HgCl] mM

Macrolampis sp2 el firefly luciferase H10|A| & =2 A& M=

(Gabriel GV et al. 2016)
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- Branyikova I et al. (2020)2 &% Bacterial Bioreporter £ coli ARL1E ©] &3t &
A T A= e 7IAE

s ~
| Lsowsampies | [ n.maTrixeFrecT |

N\ N

&.. - X
/) | Alkaline extracts fr )

gp => L-_-‘ Laccase extracts {. ".} W

f Distilied Water

- =

.'l b E-G

E. coll ARLL
:E: o L Hg® standard dh

Bioluminescence record
Absarbance record

\

14x10%

* distilled water

* distilled water

ma
Al
& A2

oc
G
o

y=16218x +5890/LE
R*=0.9856

Intergrated luminescence (RLU.h)

y=15886.52x-126.78

R?=1.00
L

7.0x10° |

y=3 395.74x + 12 B94 .96

y=15887x-126.78
R* = 0.99098

[28] E coli ARL1E 0| 8¢et E2F ME9| 2 H& 2y % Zot

(Branyikova | et al. 2020)
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- Giovanella P et al. (2016)&
o] HANA FAsl= EhE

Enzymatic activity (U/mg proteina)

=1
=i

g

(a2 Pseudomonas sp. B50A 20 Mercuric

=
=1
=

2
=
@

=
=]
=

Pseudomonas sp. B50A2]
Mercuric reductased2- &

1

Enzymatic activity (L/mg protein)
2
i

Ql

S
=

T Z3l5(86%)

.

=

4
15 30
Time (minutes)

.:
Do

P et al. 2016)

reductasel| =2 Eills

15
Time (minutes)

A1} (Giovanella

- Lu X et al. (2016)2 Geobacter bemidjiensis Beme] mercuric reductaseol] 2]+ MeHg 3

5% FUgh
15 A T v 6
Heat-killed cells
s 12} ! A j
L.
E‘ - o -
§ 0.9} %
B =
E £ = ]
2 08p =5 {z
EE = ]
E sc
5 03f T T 4
= 1F e
Heat-killed cells 1
0.0 ..'.'?T.'..‘,I.“?'.' i e a5 S ¥ : ; ; : 1
02468 24 48 72 9 120 0 24 48 72 96 120
Time (h) Time (h)
(28] Geobacter bemidjiensis Bem2 MeHg &3l =l Z1}

(Lu X et al. 2016)
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- Chen SC et al. 2018)& 2202 2dH EY MEolA 354

L= —

<) =
S, Enterobacter cloacae B7¢] Hg reductase®l] 71%+et 221 4=& A3} S 714

Wu C

Stage 1: Two rounds of Hg extraction.

Hg removal

Treatment Hg eone. in soils (me/kg) efficiency eﬂiz:’:‘; :fr;_)
Initial Fisal (%)* 5
Soil washing with 100 mL _
I}‘]’E“}i_)l of ammonium thiosulfate 120 49.2 59 2 [f";’f‘)‘ 72
solution (0.5 M)
Soil washing with 100 mL |
R‘]’;;“}iz of ammonitm thiosulfate 492 27.1 45 %6 gl #5
( ) solution (0.5 M) ml)

Average conc. in total extracts (167 mL) = 18 mg/L
Total Hg removal efficiency = 77%

Stage 2: Biotransformation stage using soils from Stage | (Bl: with Ca and Mg addition;
B2: without Ca and Mg addition).

Treatment Hg conc. in solution (mg/L) Hgv removal "
Initial Final ey e
B1 Addi_li&_m of NB solution 9.5 4 1.8 ;
(4 days) (containing Ca, Mg, and B7  (merd = 5.8x10°  (merd = 8.4x10" 81
strain solution) gene copy/mL)  gene copy/mL)
B2 Addition of NB solution 9.5 . 35 .
Y (containing B7 strain (merd =5.8x10"  (merd =7.9x10° 63
solution) gene copy/mL)  gene copy/mL)

“(initial concentration of Hg in soils — final concentration of Hg in soils)/initial concentration.

[O8] two step =2 A&t o™ 2 Z3} (Chen SC et al. 2018)

mercury ion reductase (MIR)oll 238t & < E<F AlZ°] methylmercury £35S &<l

&

>

25
o 2.0
£
EE 1.5
iE
& — 104
=3 10
il | =
A s y=1.193x+).4876
== 0.5 R1=0,9975
0.0 T T T
0 2 4 6 8 10
MeHg concentration(uM)
6.
=
2.8 4]
gE 1.5
WE 2 Ly
;f;“ = 0.5 Y0.9676x+0.1098
R¥=0.9943
00 )
0 ; . = ;
0 5 10 15 20

Hg™ concentration(uM)

(8] Metarhizium robertsii®l methylmercury demethylase (MMD) 2 mercury ion reductase

(MIR)e| =2 =dlls &el 2 (Wu C et al. 2022)

- Biet to KA et al. (2023)2 Pseudomonas pseudoalcaligenes CECT 53442] merR2 7 Ao
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FC (CN + Hg / CN)

25

2.0 4

o

°

0.5

0.0 -

oF & s FUT
Hg** Hg?
”I‘\ * Envitorment
l CioAB
CHy-Hg? Cyanide resistance Cytoplasm
He? Hg® Metabolic effects of Hg
' Mercury detoxification < »Mer proteins (Hg resistance}
[CN-Hg] '—| ‘ = < Resistance to As/metals
G g e 3157 e
Cyanide assimilation LI Amino acid metabolism
< Nucleotide metabolism
J-DNA replication and translatian
8:‘ 83’ 8'-" 89‘ 82’ 89 <Urea metabolism
(‘& &z @@ 4& &z 6‘0 L-Cyanate metabolism
(8] Pseudomonas pseudoalcaligenes CECT 53442 meR2 &AL &M
S of &t CHALAZ (Bietto KA et al. 2023)
3) 7I=E
- Liu H et al 019& FTa5&(Fd, 7l12F, 78 2 7125 % 245-EgSEREH=
(trichlorophenol, TCP)Z ¥ Efol| A Citocybe maxima®l AR A o3k AESHH A
35 #2S ditocybe maxima®l 2l7totA]l @Al o8 Fa5o] S5, ol Qg F
259 FHL& 59 F3Hloadrt Eoldel wet Sk
1 Metal content in mushroom —«—BCF
25{Cd i Cu 1o
_ 4 0.45
o '
x 204 H
= : _I_ - 0.40
E ! -
g 15 a ir = = = %_ 0.35
<] S 2 H030
£ 104 ; : 0
E i o2 O
E : |
£ 54 =2 A\ o H 0.20
£ : : al
3 . ? S H 4 ‘;\ { 0.15
c ) i H a 1
S {|2le b N N b [ 1] H o010
h— g H o/
-5 4 ' - B
3 ! K Y \E- | H 0.05
= : l
-10 IQ Ia? T | L |°' |&' T-T ;!' |§' | LA |$" r:?' ra' I.P. T 0.00
~ =~ s
@@fﬁﬁf@f F&E gg@f
o < 2 & = =
& dg? ¢ ¢ § 3 § S ¢ §
§ ¢ g &
s § 5
4} LS 2 <)
(28] Clitocybe maximall & 5% % ME5FAH=(bio—concentration factor, BCF)
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U 74 f71ed=2EEAD
D Hsd 29=4

- Twala et al Q020 Fetxy w718 B3l % H5 AP 5 49 $§ okl A8
@ vAE ool e HSATelA olaBlsoformel el ATE AT AT B
ofl HEEIL Q= ATl AL L ok B 87) ol Lok

[E] HSAICtotM o|adzt O Raf & MM HE

ax 713 Sl =g e
Rigidoporous
Lignosus, Karigar et al.
Manganese Ceriporiopsis
" 2|1, Z|Et ubvermisoor 2011, Ganesh
e s SO | BaaE e et al. 2017,
oletE ’ Pathak et al.
(MnP) anthracis, 2017
Bacillus
cereus
Karigar et al.
st2 A3t P. chrysosporium, 2011, Ganesh
Lignin H=d Chrysonilia =aac 2 et al. 2017,
peroxid st E, sitophila, TH;' ;ﬂ' Pandey et al.
ase Ctet Streptomyces ;;ﬂ B 2017, Pathak
(LiP) CleIEs sp.. Bacillus < et al. 2017,
o= cereus Wei et al.
2017
HE A P. chrysosporium, Aoig Karigar et al.
Versatile s Trametes MDY, 2011, Pandey
peroxid urst versicolor, MR et al. 2017,
ase (VP) si312 Pleurotus x5} Zahmatkesh
ostreatus et al. 2017
Glutathione Grass carp, Colpa et al. 2014,
| DpARSER| R 2|t 2, Xie et al.
peroxid ' silver carp, M2 2017,
?(ZT:X) DS zruthern X} Yoshida et al.
uefin tuna 2015
Dye- Iz, ofgl, Bacillus subtilis, Colpa et al. 2014,
decolorizing ololEZ3 Phanerochaet Datta et al.
peroxid —L._':, %F_?;l:z—‘?‘ e E‘”‘Lé: %6H 2017’
ase g3z A chrysosporiu
(OyP) N m Min et al. 2015
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- Asemoloye et al. (20228 dAYolHE FRI} S 2GE9 B E@3les EFE
(complex hydrocarbon mixture, CHM)= &3sliet= 5ol thall A3 Trametes trogii i
o] gFtolAIRl Ttieccle GPD X2 RE|(PGPD) SlollA Saccharomyces cerevisiae =

rr

CEN.PK2-1 C2 dAUold g, o] B3 +38 F /Mo 4 5 byMMI35 2 byMMI38
2 pH W9l 35~4.5 &% 30~40° C, 1 mM CuSO4E 2t HASIE A =AM os W
&= ghsl42(poly-cyclic aromatic hydrocarbon), & <lei(alkyl indene), &2 ©HEZ
(alkyl tetraline), &2 Hl#l(alkyl benzene), &2 H]#|'d(alkyl biphenyl) 3 BTEX(Benzene(#l
Al), Toluene(&F4l), Ethylbenzene(ol€@HlAl) 2 Xylene(AHLANE 33t CHMO F8
T4 84 F 60-90%5 48417t olujof &g

A C [0 byMMS5 84
1001 B byMM935
£ B3 byMMY38
®
-
S 604
L=}
L)
(=] 404
==
20-
I =

Aliphatics ~ Aromatics  Other compounds

150+
B (D by584 b

100+ B3 bys3s E

B3 by938 : 100+
80 A. C1-C20 |
g B. C20-C50 £
&0 C. BTEX 3

E D. Alkyl Indenes & 504

g‘ 40 Alkyl Tetralines
= E. Polycyclic Aromatics &
& g
% 20 F. Alkyl Benzenes
G. Alkyl Biphenyls 0 T T T T T T
o
0 H. Other compounds ¢"> “c? Jr é._. aph .ﬁ“? qu
A B C D E F G H Ko S A« S A o
¥, 3 P, 3 &
T Ty T ¢
- .._.\' ,.!"\‘
o o o

2) 2193 <(PCB)

- Nikolaivits et al. (202D Z2ESH#ALIPCBY T FF/ 24 5-EZ|ZZ24|3d
(2,4,5-trichlorobiphenyl, PCB29)2] &A) &loll, g}7lolAl ZAld] thal 7152 =L AARA] Z=A
E B3l Y el FFole F UHA AEE &4 tF T AslEAs YR EYE &<
g M ' ElolAl 84E Hdshe #F Cladosporium sp. TM138-532] wjfoj o2
FH g7lolAl(Lac) 2 ZFtetA2(Lac2)E w83k Lacle Hd 32%, Lac2= Hol 71.2%
°] PCB29 A|A sHo] #zH.

>

ok
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80

60

40

% PCB29 removal

Control ABTS Control ABTS Gallic acid Pyrogallol
Mediators
S =40 E Lacl(Ad2M) E£E= Lac2(3[AM)2] PCB29 MHE
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- Matturro et al. 20172 A& o2 Zg 38| ¥d(PCB)=
A f-F(microcosmell Al 6709 Ed4 vAE HYdES F5T

(high-throughput sequencing)©.Z

odd Y
o] WFEE

A% A3, Chloroflexi +

h=|
=
3

off It

-
Al

o> i

A"}
L oox

W Dehalococcoidales

Incertae Sedisoll <38V= Dehalococcoidia 739 OTU-DIS1 2 4 -Proteobacteria S©] &)
S+S WSt %3V, Dehalococcoides mecartyl -52] teeA, bvcA 2 verA Az RE H)
FEoA THES FUg

100%

90%

80%

70%

60%

50%

40%

RDase gene copies
out of 165 rRNA gene of D. mccartyi

30%
20%
10%

0%

M Unidentified D. mccartyi
B pcbAS
® pcbA4
pcbAl
WvcrA
® bvcA

WtceA

S4-Lac
1,44E+07
8,63E+05
5,99E+05
3,19E405
6,48E+04
7,59E404
1,67E+06

T4-Lac
0,00E+00
1,10E+07
5,65E+06

1,04E+07
9,05E+05
3,88E+06
2,42E+07

N4-Lac
2,B6E+08
5,36E+06
1,83E+06
1,73E+06
5,12E+05
7,57E405
1,66E+07

(O8] 6709 e =5 ujldZolM D. mccartyel &halM

gegat

_’70_

54-H2
1,70E+07
0,00E+00
0,00E+00
0,00E+00
7,44E+04
8,98E+04
9,81E+06

T4-H2
4,51E+07
4,63E+06
2,03E+06
3,31E+06
2,85E+05
2,71E+05
3,39E+06

N4-H2
3,10E+08
3,81E+07
4,09E+07
2,41E+06
4,90E+05
6,92E405
5,09E+05

Ehat2 LA (RDase) 78 At2| gPCR



- Matturro et al. (20152 3¢ EHAEY ZAsH#HDPCB) 714
ATE 3, e, AL, HAE-ZZ 2089 D(chlorobiphenyl, CB)2
PCB(E#]-CB ¥ HEZ-CB)9| F71& @& 53] PCB @@ 4sto] #
o] g4 HF2ZAUA 3= PCRE Agste] A =Fshgh

- L O.l..
Ay
B>
g
2
juis

a b
5.E407 o 100%
up
56407 my 9%
BE
4.E+07 W Firmicutes B0%
B Chioroflexi
E 4.E+07 & To%
,ié 307 E BO%
1!. 3EH07 E ]
E 2.EH07 é A0%
T 107 30%
LE+7 0%
S.E+06 . 10%
0.E+00 (153
Q 70 3n 0 70
days days
c d
5.06+07 ma 100%
4.5E+07 = oli
« =y
B aoear Lid a0%
3 W Firmicutes
§ 25647 i Chloroflesi 7
E 3.06+07 gﬁﬂﬂ
E 2meam E o
B 207 E am
£
1.5E+07 30%
1.0E+07 2%
5.0E+06 1%
0.0E+00 (19
] 70 EF.o] a 70 320
days days
(O8] sl ™= & afFolMe gI7|d el 7+ & o|d=E AT st
3) thol g4l
- Otarola G et al. (2018)2 Aryl hydrocarbon receptor-based bioassayS ©]-&3}le] tho]LAalS

Az u} Fak A gl el 71,
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AhR

source System OQOutput Contaminant LOD
Human H41IEC3 cells FRET (AhR-CFP and ARNT-YFP) TCDD 1 pMm (TCDD)
Human T-REx 293 cells BRET (Renilla-YFP, AhR-RL, TCDD; OCDD; 3-MC 10 am (TCDD)
and ARNT-YFP)
Human Yeast Colorimetry (5 XRE, B-galactosidase) TCDD; B[a]P; B-NF: HB 0.3 nM (TCDD)
Human Yeast Luminescence (5 XRE, Luciferase) TCDD; B[a]P; Bla]A, Sediment 0.96 nm (TCDD)
Human Yeast Colorimetry (5 XRE, B-galactosidase) TCDD; PeCDD; PeCDF; B-NF; -
Incinerator samples
Murine Tobacco plant Colorimetry (6 XRE, B-glucuronidase) 3-MC; B-NF; indigo 5 nM (3-MC)
Murine Tobacco plant Colorimetry (mAhR/LexA/VP16, TCDD; B-NF; 3-MC 1.6 nM (3-MC)
B-glucuronidase)
Guinea pig Arabidopsis plant Colorimetry (gAhR/LexA/VP16, PCB126 10 ng g'1 PCB126

[18!] exogenous AhR EHHZE! 7|8k

(2]

B-glucuronidase)

--—

cClo|=2Al AE A|AHI(Otarola G et al. 2018)

Liu H et al. (2014)2 Kymijoki River sedimentell 4] &3+ Anaerobic enrichment cultureoi]
A Dehalococcoides mccartyi Pinellas subgroup?] dioxin £35S &QlstHom, o]
subgroup®ll 4l 1271¢] reductive dehalogenase +%xHrdh)e] Tde] tho]&4lo] @@ 75

Z7HeThe 2 FAY.

(a) OCDF+TCDF+PCA

C——1 g Month
3 Month
ESSSSY 6 Month

(b) OCDF+TCDD+PCA

Mol% difference vs. Killed control

0.5 il
60 I 2 __J__HVNV'LW = § o
E 8 YYIINE PYEe s T e e g
o05{ 18 S HE|9C 5598 ¢8|8825855
£ 299 /53 0Q 20 8380|2959 9|gQ
§ F 48|28 gg2¢8 2¢|fB80 L 888
1.0 4 -;-Eg-&.‘?uxmém-w.nEEE‘aﬁ
PR Es|8@R SFgF QS ad s & g= 2
§§**§3**3 8 * 2 ¥ %
1.5 4 ] 8 L e e *
hepta & octa hexa penta tetra

o

Dehalococcoides mccartyi Pinellas subgroup®| dioxin 2l A= &lZ3} (Liu H et al.

2014)

Ql

o

o
o=
o

Miao Y et al. (2020)2 Pseudonocardia dioxanivorans CB1190¢] 1,4-dioxane2] &
= 3

3. =3 thFsk microbial communityZt $4® CVOC #8fjol 7)o gk

o o

Bl
e

.
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End of Catalysis CB1190 Spikes End of Biodegradation A
CBO I CBI1 CB2 CB3

2000 1350

—o—High/High

8000 ~— High/Low 1200

b ~&~Bioaug (H/L)
7000 3; ~e—Low/Low 1050

Low

6000

ne (ug/L)

5000

4000

High Dioxa

E
2000 =
H

H
2000 | & 300

1000

\
i e e -
o 7 14 21 28 35 2 49 56 63 70 77 84 7 98 105 112 19
Time (dav)

(2] Pseudonocardia dioxanivorans CB11902] 1,4—-dioxane £3sl= &tel Hn}

(Miao Y et al. 2020)

- Dao ATN et al. (2021)2 Rigidoporus species FMD21e] #]1d ®HE &4 FHA %
laccase isozyme©] 2,3,7,8-tetrachlorodibenzo-p-dioxine #3&d 4 A= AS A3

0.12

0.104 —hEE

0.08+

8

2,3,7,8 -TCDD (pgTEQ/IL)
o
¥

0.02+

0.00-

[Z28] Rigidoporus species FMD21 724

laccase isozyme?| 2,3,7,8-TCDD =3l =2l Zz} (Dao ATN et al. 2021)

ok A ZA
D 2,4-9E 2 29| 54| o)A E4Hdichlorophenoxyacetic acid)(2,4-D)

- Nguyen TLA et al. (2022) 2 Rigidoporus sp. FMD21¢] laccase % cytochrome P450 7]wt
24-1F 22 Z AN EL Biles  SIstA s, T, vlsgt FQ1 Fusarium  sp.
T1-BH.1 2 Verticillium sp. T1-BH.29] 24-T)F 22| = Aol EAF Bl 7154 AASh
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Rigidoporus sp. FMD21 Fusarium sp. TI-BH.1 Verticillium sp. T1-BH.2

4 _ v
ly, A
15
E.-‘-o : . T
E' e i‘_—_f ts
r 5 '
(=]
o4 . ; )
L1} 5 10 15

Time (days)

Laccase Precultures

¥ W
. ¥ W p— .
H > |- <

Crude laccase extract Degradation of 2.4-D and 2,4,5-T + CYP inhibitors (M/ PBO)
[T ] fungioll 2|8t 2,4-CI2Z2H SAOMMEN Eslls =l Za}

(Nguyen TLA et al. 2022)

2. AFA
D Ez=qg¥xx

- Liu J et al. (2016)2 ®WHo| 1A43te ylolAE DdAst== 22 Pseudomonas putida
MB285 Al|3£ol o3t S E2Ev g Z 20 Aol thal A3 MB285 A3zl o7t &l wF
&2 Cu@H7F 28 glo] s pH #2-NF 2%(5-55° O°lA F3aq7153tH, 2229
gz rol 27 560 xg mL HE 7|Fog2 AAEHS o, g 1, 2, 304 zz
99.4%, 99.0%, 98.7%°] H3&S FAStE AR HWHE AHKHA AAE 45 A4
< 45

_’74_



99.0% 98.7%

100

s [o2) o]
o o o
1 1 1

Removal rate of chlorpyrifos (%)
N
o

0-

A

[O8l] P. putida MB285 M|Zoi| 2|5t 2R 2n|2|ZAL|
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- Magbool et al. (2016)> x| 9 EFoA Foko] ARs @ WESH Hs}E 98] A8t
t FHold disty dFgh  @obolAl(accase), 7hEd Eax(hydrolase), ¥ &ATHobA]
(peroxidase), ol zHlZtolAl(esterase), ErA&A(dehydrogenase), WxE  HSATHoLA]
(manganese peroxidase), 2]1d 3 S-A|tholA|(lignin peroxidase) &< X33t thdFs a4
of ot Al AEAMIT dHA o, AFA F AYgEH @ FEETEe B
= &L 5] Foll 89F3

[E] WA 2 EF viX|o|A CIUSH MBHE Balied = U 5EO|
. . Hl} &F
A %o +F dEA = )& Fie=s
Azt
o 1 Yu et al
Verticillium sp. 10 mg L 79 | <F 80% 2006
Aspergillus sp.,
Penicillium
. 1 Maya et al.
sp., Eurotium |10 mg L 79 | 69.4-89.8% 2012
sp., ¥
Emericella sp.
" 1 Chen et al
C. cladosporioides | 50 mg L 5¢ | 100% 2012
Silambarasan
Ganoderma sp. . and
300 mg L 5¢ | 100%
JAS4 Abraham
2014
2239 | Streptomyces Fuentes et al.
S| streptomy 166 mg L' | 49 | 99.2%
gz sp.M7 2013
> ) Kulshrestha
Acremonium Sp. d
an
strain 300 mg L1 | 20¥¢ |83.9% ,
Kumari
GFRC-1
2011
Kulshrestha
GFRC mixed O and
300 mg L 20 | 78.24% ,
fungal culture Kumari
2011
Serratia sp. +
, 1 Xu et al.
Trichosporon | 50 mg L 74 | 100%
2007
DY
Cellulomonas fimi+ Barathidasan
P 50 mg Lt 6 | 100% et al.
chrysosporium 2014
Z2 27 . Z=Z 23] | Kulshrestha
| Fusarium sp. _
2|z . . Z and
isolates 20 mg L 12 ,
Ea 73.6-85 Kumari
GFSM-4+
L 9 % 2010
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DDT | 8 Fusarium sp. DDT
= isolates 79.5-94
= GFSM-4 A4 %
EQF
=
23 0.0072 mg
B day !
I 1 311 Fang et al.
2ol | Verticillium sp. 1 mg kg 25 kg
_ 2008
o &t ClE:
=% %)
o]
3l
Aspergillus sydowii 200]
o) g -3} CBMAI 935 i N
- varenga et
2l g Penicillium 100 mg L} 100% &
o decaturense 30 al. 2014
CBMAI 1234
B adusta 8258 78.3%
9 Jauregui et
sehE] o P. ostreatus 7989 200 M 49) 96.9% gu
P. chrysosporium al. 2003
55.0%
3641
Onder Erguven et al. (2021)2 Methylobacterium radiotolerans %  Microbacterium

arthrosphaerae®l| 93¢ 2= 2 3]8] Z ~-of d(chlorpyrifos-ethyl) ds &84S H71g ol&
2%t vlol ulARZA Gammarus pulex?] 7VEErolA|(catalase, CAT), 73S A = T 2 F-Elo}

A(superoxide dismutase, SOD),

GST) &

ZFEE L S-Edl Ay g}olA(glutathione  S-transferase,
Abo] EFE P450 (cytochrome P450, CYP1ADS] &8 =43

Biochemical parameters
CAT (nmol/min/
mL)

SOD (wmL)

GST (nmol'min/mL)

CYPIAI (pg/ml)

Groups
Control (A)
B

ocMNMEronNnE>onMNnE>QCN0

24 h

6.66 = 022°
2.95 + 0.80°
2.84 = 136°
3193 +£081°

0.0105 £ 0.007"
0.0140 = 0.001*

0.0213 =0.01"

0.0071 £ 0.001°

3578 £220"
2933 £ 028"
4141 +9.18"
41.74+0.71*

33832 +2249"
37138 £ 36.87"

369.27 = 898"

359.07 = 22.81°

96 h

934=032"
437021
596+ 129"
109 = 1167

0.0043 = 0.001""

0.0183 + 0.005*

b

0.0034 = 0.001>"

0.0195 + 0.006°
29.82 +2.29°
71.57£2.727
41.74 £9.39°
93.43 + 1 83"
379.65 £ 51.53°
347.40 + 45.64"
392.94 + 54.635°
367.33 £ 20.24°
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(O8] M. radiotolerans ¥ M. arthrosphaeraeoll 2lst MEsHH M3l MF9
2z zig|ZA-0Ee ASHA &= Gammarus pulex?l M3 o7

2) <&
- Guo et al. (2017 274 2 A& WA F7]QA 4ZAl(organophosphorus pesticides,
OPs) &% FHEt&Ee HES fd) gee-m¢ A g 3 gF-84 A=
(cascade) ZFu] Wh3< 7IRIO=E sl HA vlo]l AAE /NEE ofMEEd FEgo|=
(acetylcholine chloride)7} = 749 obM € Z o) 28| 2lo}lAl(acetylcholinesterase, AChE)<}
=34 4ksl & 4(choline oxidase, ChO)7} H202¢] A& Zujslal, o]|F A Farswo] ik
3} & A~(horseradish peroxidase, HRP)7} &A3}xlo] @ @ =38} Z-F(potassium iodide, KD2] 4k
35 FHujste fo=-d Al W3S AT web, FebsEed =E5H AChES] Zvj
gido] A=l H202 Aol FHaste] 12 Aol Zhastal & Mo ZAerl Ash.
o] ujAl nlo] e AME ZHE 34 4.7 ppbE dehSE EAo Hidk 28 AEE U

o

i

5

e I o ¢ H,0, - .
NG e “SOH 2V ——
f 0, KI + starch

) &
L@
€ ace @ ops & cho @® Hrr

[Z28] R7I12A 4ZH(0Ps) 2t =412 flet 5|4 Hlo|2M M2l 2

r

12 0.9
u
A 0.8+ B
1.0 Paraoxon (ppb)
0.74
—10
—10 0.6
ek 20
w —d 0.54
< g5 —50 2
0.6 = (4
—80 “é
— 100 0.34
04 200
0.2
0.2 0.1
Y 0 10 20 30 40 50 60 70 %0 90
0.0 Paranxon (pphi
0.0

T T T T T T T T T T T T T
400 500 600 700 800 0 50 100 IS0 200 250 300 350 400 450
wavelength(nm) Paraoxon (pph)
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/l\/\

Acetylthiocholine

TCh

&Wj'\, @_ 9.

. —coc 2 =>§Ns" e
Maguetic Bead F-MB Pesticide TCh TCh-Hg"-TCh
[32&]. G-quadruplex 7|t

Zhao T et al. (202D

Fluorescence intensity / a.u.

Waveleogth / nm

o B

Hairpin Probes

Wavelongih/m
NMM g E”

M

aSH 42 M

pyrethroids (PYRs) #&l%

gt AEE Al

500

I

400

300

200
z I I
T
y S
& &
? Q

o
=
T 51
3%

Z3} (Yao Y et al.

M e AE=E

2019)

A

Strains PYRs Degradation intermediates References

HY1 HY2 HY3 HY4 HY5 HY6
Aspergillus sp. PYR-P2 cypermethrin + + — — + - Kaur and Balomajumder (2020)
Bacillus thuringiensis SG4 cypermethrin + + = = + - Bhatt e al. {2020b)
Bacillus sp. 15T52 cypermethrin + + == = = + Sundaram et al. (2013)
Sphingobium wenxiniae |Z-1 cypermethrin — = — — + + Wang et al (2009
Bacillus cereus L12 cypermethrin — — — — = -+ Qu et al. {2011)
Micrococcus sp. CPN 1 cypermethrin s — — = — - Tallur et al. {2008)
Bacillus sp. SG2 cypermethrin + + = = 4 = Bhatt et al. (2016hb}
Microbial consortium cypermethrin — + = = 4 = Chen et al. 12d}
Cladosporium sp. HU cypermethrin — + — — + — Chen et al. (2012b)
Streptomyces sp. HU-5-01 cypermethrin — — — = + = Linetal. 1)
Pseudomonas stutzeri 51 cypermethrin + 4 — = - = Saikia et al. (2005}
Bacillus subtilis 1D cypermethrin | — — — — = GCangola et al. (2018)
Brevibacillus parabrevis BCP-09 p-cypermethrin + — — — 3 - Tang et al. (2018a)
Acinetobacter sp. [N8 p-cypermethrin + = == = = + Jin et al. (2014)
Aspergillus niger YAT f-cypermethrin + == == = = + Deng et al, (2015)
Pseudomonas oeruginosa CH7 f-cypermethrin + == = = = + Zhang et al. (2011a)
Bacillus subtilis BSFO1 p-cypermethrin — + — — + + Xiao et
Bacillus cereus BCCO1 p-cypermethrin - + = — + + Hu et al. (2019)
Azoarcus indigens HZ5 B-cypermethrin = — — = + - Ma et al (2013
Eurotium cristatum ET1 B-cypermethrin = — — = = - Hu et al (2018)
Ochrobactrinm lupini DG-S-01 f-cypermethrin = - — — — - Chen et al. (2011a)
Aspergillus oryzoe RIB40 p-cypermethrin — — — — — - Zhao et al. (2021
Pseudomonas aeruginosa NCIM 2074 fenvalerate + + — — - - Fulekar (2009)
Bacillus flexus XJU-4 fenvalerate — — — = - - Mulla et al. (2017)
Sphingomaonas sp. F-7 fenvalerate — — — = = - Yu et al. (2013)
Stenotrophomonas sp. Z5-5-01 fenvalerate — — — — — - Chen et al. (2011c)
Bacillus licheniformis CY-012 fenvalerate | — — i — = Tang et al. (2018b)
Microsphaeropsis sp. CBMAI 1675 esfenvalerate + = — + = - Birolli et al (2016a)
Acremonium sp. CBMAI 1676 esfenvalerate + == == = = + Birolli et al. (2016a)
Bacterial consortium esfenvalerate + — = = == + Anjos et al. (2020)
Bacillus sp. CBMAI 1833 esfenvalerate } — — = + Birolli et al. (2016b)
Bacillus sp. DG-02 fenpropathrin - + = — + + Chen et al. (2014)
Ochrobactrum tritict pyd-1 fenpropathrin = — — = + - Wang et al (2011)
Pseudomonos aeruginosa JQ-41 fenpropathrin — + = = 4 - Song et al. (2015)
Sphingobium faniae |Z-2 [enpropathrin + = = = 4 — Guo et al. {2010}
Microsphaeropsis sp. CBMAI 1675 cyhalothrin + — — + — - Birolli et al. (2018)
Bacillus sp. 2B cyhalothrin + — + - + - Birolli et al. (2019)
Aspergillus sp. CBMAI 1829 cyhalothrin + — + = = - Birolli et al. (2018)
Bacillus thuringiensis Z5-19 cyhalothrin — E - — 3 - Chen et al. (2015)
Lysinibacillus sphaericus FLO-11-1 cyfluthrin + — - — 3 - Hu et al. (2014)
Brevibacterium aureum DG-12 cyfluthrin + = — — = - Chen et al. (2013a)
Bacillus thuringiensis GIMCC1.817 deltamethrin + = — — = - Guo et al. (2020)
Streptomyces aureus HP-5-01 deltamethrin = + == = + = Chen et 11b]
Achromobacter sp. P-01 deltamethrin == + == = + = Chen et al. (2011d)
Staphylococcus succinus HL]-10 cyphenothrin i+ + — — + = Huang et-al. (2020)
Bacterial consortium permethrin - - - — = + Maloney et al. {1988)
Bacillus stearothermophilus SM4 permethrin - - - — — + Maloney et al. {1992)
Acinetobacter baumannii ZH-14 permethrin = - — + + = Zhan et al. (2018)
Aspergillus niger ZD11 permethrin + = — + — — Liang et al. (2005)
Bacillus cereus SM-3 permethrin + — — + - - Maloney et al. (1993 )
Pseudomonas filva P31 D-phenothrin — — — = + = Yang et al. (2018)

. = =

[2&] pyrethroids 2dlls Old& (Zhao T et al. 2021)
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\ \ \ . ,tgafrus bEF?C«\' s \
+ MNitrate redudase * Reductive » Reductive dehalogenase l.;." 4 - Ewobsgerim sp ‘
Mercuric recuctase dehalogenase » Peroxidase R
* MerR2 » Lignin percxidase » Biphen/ dicygerase + Peeuidiomonss sp 8504
- P * Laccase » Glyceradehyde-3- - mw
+ Phenol hydroxylase phosphatedehycrogenaee | | gacsg [ - Am‘mrmm
+ Perinicl . Mangmese—dq:ﬂ'dent =5 ;
TOMCeE | . m’ubmachp

-4, 72, 7teE, PCBs(EEE=gvlclHE Hlol#ld), PBPKs(ZE £ EFAIE®), tol
L-Al(polychlorinated — dibenzo-p-dioxins),  2.4-t] & & Z 3| = A o}Al| EAK2,4-Dicholoro-phenoxy
acetic acid), 3}2}E](Methyl parathion), £= 23] 2]Z2(Chlorpyrifos), 3}2+5-<=(Paraoxon)=
Fo g 3 S R/EE B4AE o83 &Y =42 A A% H 108309 &
3 9 =2 350 7b7F 1014 2 90Hoe2, 3 odo AZLA HF| AF o] A
Ao m Ax3 Zog sotEu, B Fopo] A7l AA3] Frtete FAIE EAEHH,
A71 1070 i B4 tig vAE 9/Es 84AE o83 EdA=dd g AUt
A= vlsf Aslel] JFTE A= E4%.

m B

- B2 Foke] H 1093 535 &5 100 tid 54 EES Ve E, T5d, 72,
7I1EH) ¥ 535 &3 HFzd Ao HE »FRAH frIed=dd EYEEY

Hlo] H I (PCBs), tho]=-4l(Polychlorinated dibenzo-p-dioxins) %! PBPKs(Z&] 3

=), AxA L9=24R 24-"HEZ =¥ 5 A oL E4H2,4-Dicholoro-phenoxy acetic acid)

2 AEA 2 dEZ FetE]&(Methyl parathion), 2232 2(Chlorpyrifos), 2 32+

J—(Paraoxon)OH ﬂ%f{ E3] &8%0] A5 Ax3 Aoz B,

o
s
i
U}
-

- 2 2ok HT 1047 =2 852 729 T55 A3 % PCBs & tho] &4l 22 3t
3 dE FFo] vt FEOE sy, AFA 29Ed
2=

d 19 EAE AN}
u}2}e] &(Methyl parathion), 2= 23] 2] 3 2(Chlorpyrifos), @ 3}&}-3-<(Paraoxon)e] T3+
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A3E F2 F3 A

L A 38 W&

A% wrole A4 7

o

7k (A1 AEFHAD) A4 v|BE/ELE 0|83 FHLAER FS
Lls

(D A/ Gl A8t &8 Ld=d =4
@ =AY ed=de #A & F Ae A4 s, 24 94

Q) FAEG ed=dE B4 & F e A4 e, 220 EAAT

(@) AA3E A% vAE, 22 AT 2 it FUHESSE 13 o))

et 83 Hho|2 84 NELE] NEEEEED
(Target Analyte) (Bioreceptor) (Signal Transducer) (Signal Amplification and Analysis)
|

, \
L | l ) | 4 L PSS
534 © N\ S DR - T
(Heavy Metals) @ s — (Antibody) : ’ e — i'\:@:{ﬁ v : 3 /"“ @}
l\ HobcHE :
=, > = {Flngrescange Protein)_ _ / . o o i
s s ) = i AL MS 2N
._Lﬁ-*c',' (Efzfne i ',"7 U \ : 1. Opticcal signalanalvsnsw
f7lsteE ) P sfe wa - ' W
(POP:) ‘\ .(C_lw_m_llwrun_es_cgn_ce.l - 'I \/ T
. """'""4'"‘, \ o
DNAzyme 1 _4 i
(DNA enzyme) : s ® " : >—
L AT wy | A
-5.74‘. \_(Changes in E_z_x__e_AEtEnt__y)_ / 2. Mechanical signal analvsis
(Toxins) [T OEHH PN e ! i gdf! T E
(Aptamer) I [ | et : ~ 1 B ]
TTX ! 1 3
- | sEx g ws !
- % JEhangexn Sene Fapression),
w22 et E: e R | ,
(Pathogens) - o (Cell) | \\\ |
¢ o 1 - 2N 1
: Ho|% 48 :
*Images and illustrations are from PubChem and Biorender \_ _ _ [Blectrical Signal) _ _ _/ Dincer et al, Advamced Materials, 2019
o
[HFO]| 2 MIAof 322} F4d]
(%] BHEE =2 S XSt g4 7|8t Hlo|2MA B/ (2017, Sensors, Justino et al.)
Az 23 BEEEE 7z as
o
Amperometric Acetylcholinesterase
Voltammetric Butyrylcholinesterase
Paraoxon ) i Acetylcholinesterase, Choline
Colorimetric ]
oxidase
Amperometric Acetylcholinesterase
impedimetric Hydrolase
Methyl ; ;
_ Amperometric Acetylcholinesterase
parathion impedimetric Acetylcholinesterase
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Electrochemica
I

Acetylcholinesterase

Chlorpyrifos

impedimetric

Tyrosinase

Voltammetric

Acetylcholinesterase

Amperometric

Acetylcholinesterase

= 1
=kl

Mercury, cadmium, and
arsenic

Electrochemica
I

Urease

Cadmium, copper, and
lead

Electrochemica
I

Sol-gel-immobilized urease

H=A =tet=s

phenol/chloro-phenal,
catechol/phenal,

Amperom Laccase and tyrosinase
cresol/chloro-cresol i
etric
phenol/cresol
Phenol Amperometric Mushroom tissue (tyrosinase)

Phenol, p-cresol,
m-Cresol and catechol

Amperometric

Polyphenol oxidase

M Z=H|

2,4-Dichloro-phenoxy
acetic acid

Amperometric

Acetyl cholinesterase

. (A2 AEAAD) A2 nBE/ELE 08T P AEZDY A=A U g

() FANF 2ABAL AF T 5 Y= AL AR, Ea B

@) SAG ed=dES B3 & 5 Ae A4 e, 229 B4 AT

Q) &4 AZE T T3 23 AT

@) A48E 1P AR, B0l AF B BF Y4 GFHEHNES 1A o)
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- EYTET Aol ddHE ol 8st] RRed B Aot
k73 Vol. 18(2), p. 10~18, 2013)

[Z] IHolM A= Us Sd=2 T3t 54 SF
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CHEEl 0| 7s
CYP4502 7+ % 7|E} =2o|M deis= a42, 5M
Cytochrome P450 =22 Fof A tiAol] S2et Feteh CYP4502 =
(CYP450) siets Alsh = B HIE S Sil =8 22 S
H|Z2MSI5HALE O & ui&e = U= HElz HstE
Glutathione GST= =4 =21} ZFst0d glutathionet ZEHA 7| =
S-transferases s Sl 54 =28 H|2MSAF|AHLE, v &
(GSTs) =22 5
UDP-glucuronosylt | 0l 22+ =4 =& glucuronic acid A58 Z&AIA
ransferases =M SHEEZ A &2 = U= gH SHHS
(UGTs) ST
Z FEIE|2 HIAClolM= 2R EIEI2S Ex QX2
Glutathione ALB5Ho] TpMSteA 8 7FY| SIO|EZIH S A0 E2
peroxidases 2Rl S FUHEZMN o=ty E2MC2RH MEE
B3535l= 24 M M B2 Fstet Al
Metallothioneins 7tE&, =2 % &1t 242 5M 5252
loth Zest0] 25 0|20 AEstn =8 =H5=
Metallothioneins _ N
CHHE OFo= Mxet x2g 255k o S8
oSt St
1 =2= [
et Esterases= =& =29| Ester Z2&S &dllstAHLt
sterases ) o
&8l 5o H| gt SHA|Z

2. SH4ER 3 84 NE AT

- HZ TAYES &83 SAHEF F3) (2021, Bloresour. Technol., Weralupitiya et al., 2020,
Bioresour. Technol., Varjani et al.), 18|31 Az whzo] o]y o5 (2020, Biochem.

Bl 5A8EE T3 54E YA oiF AL vbeA S AANEkE

Eng. J., Zhang et al)&

ATE0] FHHIL U

- B54E $49 SAEA F3 AT A9 AE0 WS BAA S4¢ TG )
SASHE A8AT= BB DA B4 83 A FAHY A A HE =
HollA fEeta LFEAT Eoldo =2 vkgd & Atk Aol A7) wWFol 4AHdH
G871x7F =A H7HE. (2021, J. Hazard. Mater., Saravanan et al.)
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(2022, Frontiers in Microbiology, Mishra

[£] st EE (BR)E Bdlle &= U= 82 BF
et al.)
Dy Conditions c .
e ) nzymes involve
(CC pH)
Sumifex Tourgi blue 37, pH 7 Reductive (azoreductase)
Reactive Red 195 40, pH 8 Reductive (azoreductase)
Azure B 25-30, pH 5-7 Oxidative
Reactive Black 5 37, pH 59 Reductive (azoreductase)
Oxidoreductase LiP, _—
Azoreductase, laccase, lignin
30, pH 6-8 )
peroxidase
Oxidoreductase, laccase
azoreductase

laccase
azoreductase

Oxidoreductase LiP,
laccase

azoreductase

30, pH 6-8
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o SARYG Ld=dE HAAE T ¢ e AN HAE, 52 54 IF
D A2 24 &

(2) A2 "4 g I gl A
Q) &4 24

(@) &7 S4ed T3 s 7= A =] HAH AF, 24 =4 g1

\
Absorbance (mau) OO

BHET
Substrate
_+ Binding % — e
i~ Pocket o \
! I o

BHET Tene (i)

[+
Core
domain -
= Emp - wer | s
. th::ﬂelA , ;i | ‘
2o
e L i ser
L
02505 1 25 5 75 10 125 Int . Mol. Sai. 2023, 24, 12022.
e Comanion )
- 2 #dFm A mercury reductase)S 0| 8%t 0|2 22| 5/ M7 Zat - Y32 0| ME (Bdguobacterium antarcticum) | S2tAE] 23| S (FaEst2)
- 2 SaATt ap E E HE|E|ote =2 0|22 540 2t MAE (=S ad _ - N _
MEE)e ROl - dfjs=o| DM E2tAE! 2 £ o Halof| A8 7ts

BLZT(DES) Containing ReaD(s 7
JH839 DHSa containing RadD(369-93
1HB40 BL21(DE3) containing RadD(569-939) in PET28a vector
JHea1 DHSa containing DSRB24 in pET28a vector

IHB42 BL21(DE3) containing DSRE24 in PET28a vector

IHB43 DHSa containing DSRESS in pET282 vector

JHB44 BL21(DE3) containing DSREES in pET283 vector

B
pET283 vector DHS3 : PET28a : RadD(569-939)
BL21(DE3) : pET282 : RadD(569-939)
DHSa : pET282 : DSRB24
BL21(DE3) : pET28a : DSRE24
DHS3 : pET28a : DSREGE
BL21(DE3) : pET282 : DSREGE

. oy - - - MRARE Ssf AL 3| R 1M FHK 2 (300 Of F). B
- ESTACUT ASUW SYS OISY ITFUF M 2D ZRE SIS M} Ol F3} B3 £ % 50 3 (e.g, CYP heavy metal reductase,
Et 71 (B8 &=H| B) MO3IEHE HollE A, GFR CFP)
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M CLSup FT W El E2 E3 EAR&in |

(B)

(€

Octamer2| HE{Z B X, solution H0[Al= Tetramer2 ZHE.

[28] &% (Acropora millepora) el &Y E (AmCFP) A&t (A) AmCFP &&
siElo| ofo| it MEDE A =g cHHE MA 2o (B) MHE AmCFP T &lol gt &fol
(C) AmCFP G ZE o] AMxt X B &

. SAEE LEEES RS & F e AR vBE, BL BE AT
D A4 54 FAAFE 2 229

(2) A4 54 @iz Iy g A

Q) Hd 4ol g A=A a4 24 =4

) P44 T3 B4E 7HAE A4 vAEY HAE AR, 24 =0 g1
ol AP E A AE, £29 AF L gF A4

D g3 &8s A A aao] NF

(2) A4 mAEY] 732 AAYAH

(3 AL MAE/E4 dF Y A 2E 7=

vl A2 BA/MABES 343t

D HHsla A2 &4 9 vAE s E5d g1

(2 34H AgE 5 T3 a9 A=

Q) MFH mAEZY &4 FF H7t

(4 7l=old 2 4k}ds) X3

2. A+

27 A7 2 3
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