creative
comimons

C O M O N S
& X EAlI-HI el Xl 2.0 Gigel=
Ol OtcHe =2 E 2= FR0l 86tH AFSA
o Ol MHE=E= SN, HE, 8E, A, SH & &5 = AsLIC

XS Mok ELICH

MNETEAl Fots BHEHNE HEAIGHHOF SLICH

Higel. M5t= 0 &

o Fot=, 0l MEZ2 THOIZE0ILE B2 H, 0l HAS0 B2 0|8
£ 2ok LIEFLH O OF 8 LICEH
o HEZXNZREH EX2 oItE O 0lelet xAdE=2 HEX EsLIT

AEAH OHE oISt Aele 212 WS0ll 26t g&
71 2f(Legal Code)E OloiotI| &H

olx2 0 Ed=t

Disclaimer =1

ction

Colle


http://creativecommons.org/licenses/by-nc-nd/2.0/kr/legalcode
http://creativecommons.org/licenses/by-nc-nd/2.0/kr/

FHAA 39

Il
i

PETE3 &4 A EAYH i
43 A+

Development of Activity Analysis Method
for PET Degradation Enzyme

20221 8¢



-H
§.
A
4
%}
']
o) ._,_}\4 H 7 o]
J - o o 1@
H é-
]

ST A ST E
‘14
) LN
1 1 (@] 1 ——i
IJ-

20
22d
8

A
S
st o
6‘_]—
2

3}
d} :
Ejj A 2] ﬂg%%s
e ) !
Al & H
[e) 2 6
. 022"3‘?‘]%5‘?_
. | 8%1_% o]
ﬂ%} ) =38}
(O
21)
(O
1)

©
o
=




2E2E

o] AU} el 2 2
AFoz tF = Utk o F, oy ZAFES vHwtew I
polyethylene terephthalate(PET):= Zet g #H 7| &4 713 &

HZ=<S x5t Atk Hit [sPETaseE A]#o. 7 leaf-branch

At o dolrt dlYd EAES &4¥st FWeA, PETE
terephthalic acid(TPA)7}#] #3&)st= PETE8-activity S F3f
HeE AdFE 13 4% da Ak AR dA7bA] PETE8 &4
EdWolEe PET®3-activity HlaE <3, High throughput
screening(HTS)2 A2 H 15 A e

B A AE F=5 PETES -activity v E €3 H &),
o) 7\%7} 9, Escherichia coli 71¥ve] 27} S BA v W~
Ay Al=gS Al =3

AA, TPAE & 3E4¢l 2-hydroxyterephthalate(HOTP)® 3
A&l in vitro AolA A8t A} AT hydroxyl radicale] TPA
¢t 2gste], HOTP7 #& d8& &3t Fe(D-EDTA =
8-S o] &3l], AEsHE pHEA A hydroxyl radicalg A4 35k
o}, LB #®l#x]¢] autofluorescence ¥F8-S A A3%7] $&l, ethyl
acetate(EA)E A}83F oo F=ZWS A&ttt TPA F¢)
HOTP & @A 7)ol thet o] daaAAE 2+ A 4=
AATH LOD#e 31685 uM=zZ gl 3lth. HOTP screening
assay9] #&A Fel& 9, HOTPe H#3a HPLCE %3
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3 screening assayS HOTPE
=4, TPAE Ecoli oA &A2x9} green fluorescent
protein(GFP)E o] &3t nlo]AAE F3 in vivoz 2Qld}axz}
sttt AR = Ecoli K12 genome 212 hca operon
transcriptional activator(HcaR) ©+# 2 & HAAsIATH 711& A&
2] S £33, 4-hydroxybenzoic acid(4HBA)Z g7t=z AL&51=
HcaR_4HBA n}o] QA E 53ttt 4HBAC] tjgt 7] & So]4
S TPAZ ®W3A]7]22A HcaR_4HBAS] wulz 3z AAJTZE
homology modelingg o]&3a] <=3}%3, ligand binding siteol]
et =AWl 91X+= docking A& o]AS Ea AR W
21 2 w5 HAHsE Fste, 1 mM 4HBA| tiaiA, oz
tiu] 6] Hxo] GFP ¥Fzte] fold changes AU 53
HcaR_4HBA vlo]  AlAE FACSE Fal A sfH kAW, GFP9}
HcaR 3o #A7F &S A8t fgst SddlA,
hcaR ¢d S @sls ZENREH
o a287)e T7 TEFREE 9]
LollA I s E gkt o
HcaRe¢] soluble expressiono] # o]t &2t} ol & E3
ZEEEC AZ|I7F ofefRel  wEl e
expression®| F7pgtel] we}l wlo] @ AN o @SOS
gl a=Er)d T7 Z2RERU ¢k A 7|9 E.coli
constitutive ZZREE o] &3t A FA vlo]LAAME 53U

th. E.coli KI2 genome f#9 ZRZREE AFE3 7]E2] vlo]l e
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[11] &b O] 2AA o ® hFAAE 1950d tf =55 70 O] X] jr,
synthetic polymers ¥4l o2 o] gslo] olri= 5o A WA
sAlel, PETe] o|xE ZAFS A2dAA=E Z&4o=z 7tgis)ste
IsPETaset}+= 349 @AY, A 4t4te] Ze~H
B3 g4t 243 3As AVIE, AAdA ofx wAsA X3 PETHE
Hars Zuxa s A5l A AEATE metagenomic studyE 53
Zrolyl leaf-branch compost cutinase(LCC)&= oj2] PETEIMNEALAE <
ANA 7+ S5 4 MBI oA PETEH s S Hifrstal
ot} [13] 22 7)o Ao A PETS ®3&)38 7] A& IsPETase &
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A4 PETS W] A LOC Bl Hdel, 45 5494 9

A ZHeol AFEo] olojxith [13.14] =3 n]AY
AA PETEI =, HEEs2AE2 terephthalic acid(TPA
ttA] PET ZﬂZ: | /\}9—6‘} closed-loop blorecychngJJr galhc acid &

7kA] olo] A ? N TR
A Hale] AEol7ol, of# PETw &4 EAWo| P51t PETTOH
—activity & Y] l8}= screening assay HgF Ag7F wH| T 2 &3
WS- %o PETH &S FAE vushe ¥R, PETO] #asoja A
21 TPAE NaOHE $3 AA S $3x PET®3cHS H7lskdnh. &
7] gt HHES Low  throughpute] 7], High  throughput
screening(HTS) Al 25l 7ol tjgh B ado] AX Lt} o]o] Wb Bt
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fluorescein dibenzoateS ©]-8-3F Fluorescence—activated droplet sorting
238, Acinetobacter baylyi oA =3 TphR H}o|AA, E.coli

oA =3 XylS ulo] o Al Eo] sNErE ) [19.20.22]

&A) 5k fluorescein dibenzoate 22 A 7121 PETe| w]a] &3]
7} 41 surrogate substrate©|UTh 12 7] o]& &3] 22 PET 3|
9] PET¥3|-activity %3t Sk}, Tth Hlol @ Al el AHg ¢
Ao m Aot Eceoll oA TFHEHA @t Ao e W84

QAIA FEE& 98 TphR &AJAE E3s| Comamonas sp. E6
frele] W2 heterologous gene: o] ARgFojof dri= whido] Stk wf
A Ero g XylS wlo] o AlA el 9= TPAd disk v+ GFP &34 fold
change®} Y& sensitivitys 7F5L7]oll, A A & & oy o] wrpa 3
st At
ag7ld £ A AE F9 PETE 8 -activity H|wE 9]¢+ HTS 7}

2 Escherichia coli 719ve] 27}x] &R A v 2 A7
S Jfstazr itk PETe HFTEs4abE<2 TPAS A&
o=z kATl wak AFHo| AFLE LCC & A7} signal peptide
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Atk [12] ==y Alz=d Ao 3 WA A2, in vitro el A
TPAS 4& HE81A stk TPAS} hydroxyl radicale] 233}
A4 ¥ 2-hydroxyterephthalate(HOTP)7} &3 a3 dolA FBEAS

UEtdithE A 78 dE R ol &slv [7.89.10] sid Ay Al
g = g RAuH e 5138k2¢ A9k 96-well plateE 7|Rro.® 3}

A<l
R7lel, HeAdS FHow 7Y F HAl A, in vivo ] AES
s E.coli 719+e] nlol 9 AMAE F=31AF sFATE. E.coli genome
gJe] hca operon transcriptional activator(HcaR)_©FA &S cinnamic
acido]] ®W&-3lo] EA Z2RE o AU|E wge Aow HiHS]
o}, [18.21] 1#]1} cinnamic acid¥vlko] o}yl t} & ligande] thaji
WS A V1A E WHEAZl mio] wad RS skt
[17] ¥]& TPAE $I3t HcaR_EdAWol g2 IAARE o]t HaAA
E 7|Wto. 2 TPAJ % H¥FS$-3}+= HcaR Hlo]l 2414 & ligand binding site
of W3 protein AAY)FE F3f FHetaA st 58] dARRIA
T ZAAAE AR Ee, dEE= e RNA F3haiee

interaction 7}F5o]¥ 9@ AL w3k FQ3Fc} o]# sk =wHo|A HcaR&
=

fe HE
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2. 1. Aok @ &5

A2 22 9@ ZFzYd PCR tube(Axygen, USA), dNTP(Agilent,
USA), Herculase II fusion DNA polymerase(Agilent, USA), 5x
Herculase II reaction buffer(Agilent, USA), EB buffer(Geneall, Korea),
2x GC buffer 1(Takara, Japan), 10x FastDigest buffer(Thermo fisher,
USA), FD Dpnl(Thermo fisher, USA), FD Ncol(Thermo fisher, USA),
FD Xhol(Thermo fisher, USA), T4 DNA ligase(Thermo fisher, USA),
T4  polynucleotide kinase(Takara, Japan), 2x Rapid ligation
buffer(Promega, USA), In-fusion kit(Takara, Japan)& A}&3}%
PCR 4t& 9 Zglxul= Ao Prep column(Geneall, Korea)& A}-&3}
Gk AE w9 43S 98] LB broth(BD Difco, USA), LB agar
broth(BD Difco, USA), Kanamycin (Duchefa biochemie, Netherlands),
Chloramphenicol(Sigma, USA), Glycerol(Duksan, Korea),
IPTG(Biosesang, Korea), Petri dish(SPL, Korea)& AF&3th &4 A
AE 98] Imidazole (Sigma, USA), 15mL tube(Falcon, USA), 50mL
tube(Falcon, USA), Ni-NTA agarose beads(Qiagen, Germany), 10K
centrifugal filters(Millipore, USA), 96-well flat bottom (Falcon, USA)
E AME3Y. HOTP 2=384d-S 98] Terephthalic acid (Acros
organics, USA), Bis(2-Hydroxyethyl) terephthalate (Aldrich, USA),
PET (Goodfellow,UK), Ethyl acetate (Junsei, Japan), EDTA(Sigma,
USA), FeSO4(Junsei, Japan), HCl(Duksan, Korea), NaOH(Junsei,
Japan), 2mL  microtube(Axygen, USA), 2&£7E HAAF=7]
(Ecospin314, Biotron, Australia), 3333 %=A(LS-55, Perkin elmer,
USA), NasHPO, (Duksan, Korea), NaH,PO, (Duksan, Korea)& A}-&3}



Atk HPLC ®A4<& 98 Vial inserts(Restek, USA), HPLC
acetonitrile(Duksan, Korea), HPLC water(Duksan, Korea), HPLC
MeOH (Duksan, Korea), Benzoic acid(Sigma, USA),
HPLC(Autochro-3000, Young Lin, Korea), C18 column(150x4.6mm,
5um particle size, Phenomenex, USA)S A3t HeaR wlo] Q Al A]
= 93] 4-hydroxybenzoic acid(Wako, Japan), DMSO(Emsure, USA),
t}7)%s mlolm® ZdolE Y 7| (SparklOM, Tecan, Swiss), Corning
Black 96-well plate with clear bottom(Sigma, USA)E A}&3}%

FACS 224% 913 FACS(S3e cell sorter, Bio-rad, USA)E& A}&33 2o
g xRS 91F Homology modelinge Modeller 9.24 Z =2

13-&, Docking Al E# o] A-& Autodock vina Z 2138 AF&3FS T
2. 2. HOTPEA =394y Al&¥
2. 2. 1. LCC AA 324 9 LCC_=dwolg A3

pET28a+ WEl & ©]&3}9], leaf-branch compost cutinase(LCC) &4
fFAAE Bt Atk LCC_ ok d fxats LCC A=t B
ae AEaE Faste] L&C BIO Al 45 oFstdy (& 2-1).
[13] &4 9l® Ao codon optimization¥} LCC #x N-gndod
Ncol, C-gjn]do] Xhol A|3t& s HAAH =S 33ttt pET28a+ M
Bl 600 ng, LCC 4 #+= 300 ngg H|3skaL, Z+zF Neol, Xhol A|3gt
245 05 ulA, g HF S8 Ryl HgseE 10x
FastDigest bufferE YojA] 1A7F &t 37ToA] ¥Fg-S X3stArt 1
Azt Fell, PCR prepg F3 AAstAT Algtas Held pET28a+
Hel LCC {3zl vl &o] 1:57F HA &ds Hol53Ma, T4 DNA
ligase 0.5 ulL9} H=E= weHuE 1¢3dle] 2x Rapid ligation bufferZ

Yo]Fa 1A 7F E¢t ligationS X asHA Y. E.coli DH5ad| & 435S

o, o

_5_



glo], 50 ug/mL kanamycing 23Fst 114 LBol|A] 37T, 16A]7F =<t
e & FEUE AU pET28a+9Elo] LCC 2] A4y FiF&
#slr] g8 224 PCRE 33 5, DNAXYZ|G S Wt
DNAM7|gF AolA  FHxade]l &9 =Y 50 ug/mL
kanamycing ¥3}3 3 mL LB broth w]#|o]|A] 37Cd HE3G. o
g ZEavE prepS B3 247 F2Y g Zetav=E ddoH,
DNA A AAS E3) =3 AQXT Zean = AH2A o)A o s
gladn. 5 LCC Fdxte] AHAS elA, Fd4 o= ligationd
AMzeZ et ~n == Ecoli BL21(DE3)o| &2 d3st$
LCC_oFRBE- Az Zarnes 7|vton LCC_EdWolyd -2z
ZEau s Azt AREE ZElolw = ( 2-2)d YERH AT
LCC_opA & ¥ &) LCC_ICCM(F2431, D238C, S283C, N246M)7}#] A 2}s}k
7] sk, g9 SAdE LCC_EdWelgd S Azetdnt. [13] A
A2 LCC_D238C A2k, F WA= LCC_CC(D238C, S283C) Al=#f, A W
ZR=S LCC_ICC(F243I, D238C, S283C) Al 2} 2l S e e =t
LCC_ICCM(F2431, D238C, S283C, N246M)< Al 2t3t vt PCR w58
& 30 uLe B3 7]¥£o = 5x Hercll buffer 6 ul, 3#}o]¥-Forward
05 ul, Z&#o]H-Reverse 0.5 ul, template ®WE 100 ng, [ANTP]=250
uM, Herculase II fusion DNA polymerase 05 uL& Y& %, EB buffer

2 UHxEs AYFAJAr. PCR =71&  preheat - 95T, 5%,
denaturation - 95C, 30%; annealing - 62 or 64 or 66T, 30%;
extension - 72C, 3% 30%; post cycling extension - 72T, 6%o]H

denaturation-¥] extension7}x] 9] ©AE 253 WhE FstAvt. PCR
abEe]l dF= DNAHAZ|GES AN, A= a7E
gelstdtt. gelo] ¢+mH PCR 4HE2 template WE]E A A3}7] 918t
o, Dpnl &4 = 37C, 1A 7Hse A8ttt =2 3 PCR prepg %3
.coli DH5a°] &% g3} 3.
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AAACCATGGGCAGCAACCCGTACCAGCGTGGCCCGAATCCGACCCGCAGC
GCACTGACCGCAGATGGCCCGTTTAGCGTGGCAACCTACACCGTCTCACGC
CTGTCAGTCTCGGGTTTTGGCGGTGGCGTGATTTATTACCCGACCGGCACGT
CTCTGACGTTCGGTGGCATCGCGATGAGTCCGGGTTATACCGCAGATGCTA
GCTCTCTGGCATGGCTGGGTCGTCGCCTGGCTTCTCATGGCTTTGTGGTTCT
GGTGATTAACACGAATTCACGTTTCGATTATCCGGACAGCCGCGCCTCTCA
GCTGAGTGCCGCCCTGAACTACCTGCGTACCAGTTCCCCGAGCGCCGTTCG
CGCACGTCTGGATGCAAATCGTCTGGCGGTTGCCGGTCATTCTATGGGTGG
CGGTGGCACCCTGCGTATTGCAGAACAAAACCCGAGCCTGAAAGCGGCTG
TCCCGCTGACCCCGTGGCACACCGATAAAACGTTTAATACCAGTGTCCCGG
TGCTGATTGTTGGCGCAGAAGCTGACACCGTGGCGCCGGTTTCGCAGCATG
CCATCCCGTTTTATCAAAACCTGCCGAGCACCACGCCGAAAGTTTACGTCG
AACTGGATAACGCATCGCACTTCGCTCCGAATAGCAACAATGCGGCCATTT
CCGTTTATACGATCTCATGGATGAAACTGTGGGTCGATAATGACACCCGTTA
CCGCCAGTTCCTGTGTAATGTGAACGACCCGGCTCTGTCCGACTTCCGCAC
CAATAATCGCCACTGCCAACTCGAGAA

7 2-1. FAE 973 LCC codon optimization A HA~(LZ
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Primer name

Primer sequence (5'—3)

D238C-Forward

D238C-Reverse

5283C-Forward

5283C-Reverse

F243!|-Forward

F243|-Reverse

N246M-Forward

M246M-Reverse

S'-GTTTACGTCGAACTGTGCAACGCATCGCACTTCGC-3'

5'-CAGTTCGACGTAAACTTTCGGCG-3'

5'-AACGACCCGGCTCTGTGTGACTTCCGCACCAATAATC-3

5 -GAGCCGGGTCGTTCACATTACAC-3

3 -TGTGCAACGCATCGCACATCGCTCCGAATAGCAAC-3
5'-CGATGCGTTGCACAGTTCGACGTAAAC-3
5'-GCAACAATGCGGCCATTTCCGTTTATAC-3'

5'-TGGCCGCATTGTTGCTCATCGGAGCGATGTGCGATG-3'

3 2-2. LCC_EAHold -z Zgp~n e A 2o AFR3 X o]

o

]

o & W



2.2. 2. LCC a4 ¥d 9 BAxA

LCC 4dA7F A% pET28a+ WEHE 7FX31 Y=  E.coll
BL21(DE3)%, 50 ug/mL kanamycing ¥3}3sF 3 mL LB broth s} %] o] A
37T, 18A1F Wikt ATh =AAAS SlsiA 500 ul AgA W geS
50 ug/mL kanamycing ¥3+3 ] 22 50 mL LB broth sj#]d] H=E
o} 37Co A wks Al7]1H, 600 nmoll A ODZke] 0.60] Hi= AlHd
IPTG 100 uMo] =% FolFolth ejal vx] 37ToA 18413 &
s APsidet. 1 Foll, wigE AxE A2 #4000 rpm,
4C, 108)S A A1, 20mM sodium phosphate &84 (pH 8, 300 mM
NaCho g Ax AlHARAe st x4y 5
sodium phosphate &+=8 WS 5 mL7} A Holx AE oA
k4] 7] (Vibra&eell, USA)E o] &3] AXZ 3= 3
YA (16000 rpm, 4T, 30:2)ste], AEFEEC] EUe A5
A}t Y AEHS Ni-NTA agarose beadsE o]&3] 100 mM
imidazole Ato|A ©@wW A S GEZ AT &M tsf ultra—filtration}
2 doe [LCC @4+ bradford

tlo

)

= ro{'

o

—_

.

buffer exchangeZ 3ttt H=E
ot

protein assay & ©]-8-3}o]
2. 2. 3. HOTPEA A=A+%d R P

100 mM sodium phosphate &% 8 (pH 85)¢] AAF LCC TAE
Atz FrvkEo] HA H7iste] 2 mL tubeol] #HEFH-37F 1.8 mL H
7F FA e 5, PETEE0AF 035 cm ) 272 115 2olEoh

qkok ngﬂ% &47F ofYe LB broth wj#]e] #u]¥ LCC &4 F uf
2 o] gst= W A9E ofge WAe wEY. LCC fFAAE 7Hz
E.coli BL21(DE )2 50 ug/mL kanamycing *¥3%3%F 3 mL LB broth Hl
Ao Al 37T, 18AF HEste] wiged. 7 5, 30 ul AdA i gFd e

#;rﬁ'! _CI:I_ ]—h -_.fJ]_ T_III_



50 ug/mL kanamycing ¥3tst 22 3 mL LB broth #jx|o] H=3F

7 ZAlo] IPTG 100 uMo] %= ot} 37Co)A 18A17F Zob @
WES st & AAEAAHM000 rpm, 37T, 108)S AXY. g

goHel e 1.8 mLol PETE2E %7 1715 2 mL tubed] ®olETh
PETEE(AE 035 cm $)2 Hole ¥, 70T Feszolq 24748

AZE Eek LCC Eaol o3 PETREWMSS AaAstdeh Mg a4

) I0UONPE B e E RN PE HL%%QE 500

el

9] ﬁ%% Tor shot. S tubeoﬂ ethyl acetate® 1 mL YWolF &
vortexingS 30%%F 8 stt}. 7)o 9 TPA 7}—,—~§O] ethyl acetate
Zo g 3] FJol olFd AL FIgth H5F F ThA Wk AT
ethyl acetate®] A&2]7} dojdt AL &5, ethyl acetateE 10 %W
F FEL 151 E dAFEFVE ol &t T AdEH A S F &
] = A A3} ethyl acetate® %3] F&%¥ TPA 7IFE5<2, 100 mM
sodium phosphate €+% &< (pH 8.5) 800 ulLol vortexing 3&}o] ==t}
5 mM EDTA% 5 mM FeSOs& A= 100 ulL® 7k 108 3,
R T AE £ exicitation wavelegth(Aex) 328 nm, emission
wavelegth(Aem) 421 nm, slit width 5 nm, integration time 1% Z 79
A HOTPe] g3z A3

2.2. 4. HPLCE £ TPA9] A%= 24

MeOH¢l| benzoic acid X7} ImMo| = Al 3}o] internal standard=
o] 83ttt 1 mM benzoic acid &3 TPA A kS o] &3t #HHAM A
g Qe AFNES whEoEH

LCC 49 PETZES w88 Ha3stal, ethyl acetateZ
3 TPA7FFE 1 mM benzoic acid &

5
ol s
=t A% 2 g2E 425 HPLCS %F3ko] #j4% 30 ul, 9% 10
1 I~
ey =
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of wa} AAse] AT, &g A - HPLC acetonitrile; £-2]<H
B - HPLC water with 0.1 % TFA; 0500 ml/min; 0 min, A 12%; 2
min A 16%; 820 min A 20%,; 21-30 min A 129, TPA<2] retention
time& 11.59 ¥, benzoic acid+ 26.5 & t*]o|t}.

2. 3. HcaR H}o] Q AA]l Al XH

2. 3. 1. HcaR &34

T
T—

HcaR 4 #7}F pACYCDuet-1(pACYC) W Eo] A== 45
20 ug/mL chloramphenicolE, pET28a+ W Elo] AFd®E Ao+ 50
ug/mL kanamycing *¥3%3 3 mL LB broth ¥ XA, E.coli DH5a %
= BL21(DE3)E 37T, 18A17F v st} o] B7|3H o2 SDS-PAGE
BAS 93 Hd A, HeaR vlol QA4 ~=8dS 93k a2l
upel ol o] W& MEsie] Xl e

SDS-PAGE #2418 9|3+ HcaRe| %

{1

O

o1 dd A9, g2 UHes &
ot 2A99E SlsiA 500 uL AgA W EA S, ol FAEA 20
ug/mL chloramphenicol %=+ 50 ug/mL kanamycing 32383k A28 50

mL LB broth 8j=]o] HEgth WE ] Fi7el Aatglo] constitutive
ZREE o] g3 HcaRol wdd %‘T, 37C, 18217 s sheh 1Y
U T7 ZEREE o] 83 HcaRe wad 45, 600 nmel|A ODgLo]
0.60] &= Aldel, IPTG 100 uMo] =% HoFAn. 28 YA 3
TCoAA 18A1F FF R3S JYstieh. o1 Foll, v AxE 94
234 (4000 rpm, 4C, 10%)S A3, 20 mM sodium phosphate
& 4(H 8 300 mM NaCho= M Hzz4gs skt [16] Al
oA 5 Ab7]sk 20 mM sodium phosphate 9F&89S 5 mL7} = A
Hol 3 Ao A, 283 37| (Vibra&eell, USA)E o] &3] AX 3}

_11_
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2 %tk A Faede AEA6000 rpm, 4°C, 30E)s, HEF
A = ol
- o T

Kol

FEHE AT Axg A d4Ee Fo A
2 918 93t SDS-PAGE #2414 o] &3]t}
QAN ~AEdS 9% HeaRo] Hdd 4§ thgo 3%
S WET AdA wigdS 1/100 v &2, 1 %(v/v) glycerolg ¥3+H3
! 3 | &3kt 1A ko] A 3 constitutive

Bl Z o]&3 HcaReol wdd 45, DMSOd 1ns=z Ho}
= T Hrbsled T7 Jf’a‘jlﬂ‘g o]

HcaRe] & 4%, 919 A9A4H TPA =+ 4HBAE Hst+= &
= H7Me53 Ao IPTG ®E3F 100 uM7]— A Yolsh 37Co A 5
AlZE 30 B WS Xdgith olts EU|HOoE tr)E wmpolaz
ZYolE #Y7IE 3 FAQUA, FACSE 53 EA20x]o uz} o}z

=]
O_u

1

.

rr

m oo 30
r2 ool

)% mpola® FHoE urlE S BAY 45, ves 13

gl wjkel 500 uLE A FH e PA = A (4000 rpm, 4T, 102)S A

H 74¢] PBS ¢t&gojo e Ax AHE vk AHayg Fo F

5 ‘3'1 H-37F 500 ule] = A pH 7.4¢2] PBS ¢t58 A4S Hojr AXLE

Zo|FEh MEZAHFAHo] B £AHE 200 ul 2 HSFY] corning black

96-well plateo] =7t} blank®= pH 7.4¢] PBS &8 200 uL=

ok FH7F B FHolEE T vwlolAR FHolE HYr|E F3

bandwidth 20 nm©. 2 exicitation wavelegth(Aex) 485 nm, emission

wavelegth(Aem) 535 nmell 4] GFP &3##%, 600 nme] A OD#ts =74
sttt

FACSE 5% ¥A49 2%, %8S A9 g 1 mLE A7 kol

LA R 24 (12000 rpm, 4C, 5%)& 713tk pH 749 PBS #4589 °
2 Ax AHE Y AZAR S 3 AP A HIAH Fof FH

T8 F3= 1 mLo] A pH 74¢ PBS $F8& A& HojA AXLE
Zo]FEY. HE cell concentratione] 1077 cells/mLo]3}7F % Al serial
dilutions g3t} siF M=S FACSE %3 4S8 s,

_12_
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3. 1. HOTPEA ~3#Y

TPA= UV 33t x EwWsl Kéﬁ E4e YeEdA Feth 28y
2-hydroxyterephthalate(HOTP)+= TPA¢} hydroxyl radicale] 7 ¢ga}o]
gt AR exicitation Wavelegth(}\ex) 328 nm, emission
wavelegth(Aem) 421 nmol|A FFEALS A& & I} =3 A+
zo] g "idl, AAY A e g Evre] AdEHH. TPA
o] AL =y, uywx PETESAES  bis(2-hydroxyethyl)
terephthalate(BHET)2} mono(2-hydroxyethyl) terephthalate(MHET)+
hydroxyl radicals HHgAIALE HFEALS YHelle Edo] AAAHA
=t} (29 3-1). [7.89.10] o]#3t L= o]&3slo], PETE|&A7}
PETS #3&|3te] A3 TPARES ZHA| 8+ in vitro 2228y assay s
F=3tuA AT AW A7« HOTPE o] €3k high throughput
screening(HTS) assayeol st o7} wH] k7], 96-well plateo] # &

7begk WS aekalarat skl

3. 1. 1. Fe(ID-EDTA #E-3

|

HOTPE 43}

2 =
ek Aol destal o

]I

=]
SOt th AdWhAQl AENESS A EH L HAks e Hors o A
o 4] hydroxyl radicalS AA&H 4 A} =
WSO ALA Z o] old A4 W o

o -
ohoEY AhEad] A7 B BasA o

]

¢

_u
L
o
OJ
52
L

s
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Polyethylene terephthalate
(PET)

H,0
LCCFC)H..[UH),.

2 0
—C —0,
Ho/\’o H

Bis(2-Hydroxyethyl) terephthalate
(BHET)

H;0
_g o]
(o] —OH
2-Hydroxyethyl terephthalic acid
(MHET)

LCCFEﬁ_::oﬂb
HO, o
o>_©_<JH
Terephthalic acid
(TPA)

H

(B)

Degradation by LCC

. o-E—@—H—o H

MHET

OH-
B ——

Fe(ll)-EDTA complex

OH-
—p

Fe(ll}-EDTA complex

OH»
—_—

Fe(l1)-EDTA complex

OH-
—_—

Fe(ll}-EDTA complex

No
fluorescence
OH
HO, o] Aex=328nm
' Aem=421nm
o OH

2-hydroxyterephthalate
(HOTP)

¥ 3-1. HOTPEA ~=gd Alxwle] 7124, (A) LCC 2 PET#& &9 PETE3 %474, (B) PET
§2H& % hydroxyl radical¥}¢] Hk-g-Z2 =}

{(

[¢]

=]
o

- 14 - ,ﬁ i 1_-_” 'ﬁ} T

- -



(A) Fe(ll) + H,0, « Fe(lll) + OH™ + OH-

Fe(lll) + H,0, «< Fe(ll) + OOH- + H*

(B) Fe(I)-EDTA + O, < Fe(ll)-EDTA + O,

202'- + 2H+ —F HEDE + 02

Fe(ll)-EDTA + H,0, — Fe(lll)-EDTA + OH™ + OH-

_—_7_1%] 3_2. l“l-]_]_ R E]_]:%
(B) FeID-EDTA =

2
o
%
rE
oo
1>
=
e,
r]I,
2
r o
=)
r
rE
oo
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AgsHA pHEA 9 sbstssel A7t dedA gtk 3L, i)
= 7 a]

&3] z
gol 7lel Fe(I)-EDTA slE=nkgg A4

3. 1. 2. Ethyl acetate %9 =<

(729 3-3A)¢F e ~agyd WS 1dsdrh Ecoldld 2w H
PETE & &27F LB ## Aola A4 PETS Zadth o AR
glol, Fe(ID-EDTA #ERES Fa LB A AellA vtz HOTPE &
Aatazt 9. 1 % HOTPE
em=421 nm 374 HOTPS &35 gletarzt o} A= 18*71011 3
FE5A Aol EAstE g B E v dld el A FFuke A
F5 st 4ol Aottt (2y 3-4). LB WA= g wgolA

4

HOTP 0401 A d3ursS yede Aoz Yehydoh w3
DMSO+= 723l hydroxyl radical scavenger®ZA, HOTP dtAo] Qg 3k
hydroxyl radlcal—% AAHA HOTP &H3zke Qlojs Aoz A5
th. E3] Axujeke d42<el LB HiA 9], autofluorescence WHZ--&
HOTP ¥ @5Ae 2 A7l LB A& HF w8 Aol A AT

da4e st
7)o ethyl acetate(EA)E o] &3t HAFZE A& o] &3 A=
& 2aey WHE ackelar HOTPEA Z=eydolgtar sttt
(9 3-3BC). aAIwk LB wjA|7F 7k 4 pH oA = i
TPA7} deprotonation H o]+ Ag|2 A3k}, o]g]sk Ho] LB HHX]
9} ethyl acetate Alo]e] TPAe| o3t & EujA4E s, TPA F
Za 8o B EAHS s AT. o5 s14d3s 7] 9d ethyl acetate
of dANFZE g Fol, HCIS H7Iste LB X & A IA 02X
TPAS] protonation +X=3&tal, LWjAGE F7HAA FE2ELE&S S7H
Zith. ethyl acetateE ©]-83 TPAS] F&3H4 olF, %7
7ol A &2l ethyl acetate® #|A3e] TPA &

o

_16_



TPA o] 100 mM sodium phosphate %8 (pH 853 FeSO,,
EDTAE #H7}el HOTP &AL /=3

ethyl acetate &% HAl& =93 HOTPEA ~=3glyd Al A8l A3
sx 7] flal, LB wjxe] of&] Fxeo TPAE F7Fsto], HOTP 333k
=73 3l Bkt ‘?}%%O—H % TPA FXx¢F HOTP &33gt Aol <49
AAATE P E S 13ttt (29 3-H5A). 3 HOTPEA ~=7Y
A 2~E& 9] limit of detectlon(LOD) e 31685 uM=z A= (1Y
3-5BC).

0>, mlo i)

Tdd AEo os HOTP dF543 HPLC £4& Asho,
HOTPEA =] Aol gid fFaAds Asstar skl LCC
oAl 3o Hi® LCC_EdAWold &4 5, LCC_CC(D238C,
S283C), LCC_ICCM(F243I, D238C, S283C, N246M)7}#] F 3&F<°
His-tag AAl& &g LCC a40E AHESHSITH WX]E] &4 600 nME

sodium phosphate €+&-& < Ao X PET d=Z3} 7tz 70C, 2447 &

oF Wk Al ATF 1 & ethyl acetateE 6H TPAZE —ir% sht), el B
gt H3]o] ethyl acetate7} ©71Al 2709 AEZ YL, Zhzbe] AE
o thaH

1. hydroxyl radical¥} ¥+-§-A]# HOTPZ gHAlsh &, g3 54
2. MeOHol| =91 3 TPA¢ %S HPLCE E3) =
abe 27FA wAs skt

HOTP & 334 H &A1 ¢ HPLC dlolElE& &3 TPAS HE% A

o] E3f, HOTP ¥34& FH4ste Wao=z s LCC s3]
PETE &l -activity & v g 4 &S <lsgitt
_ 17 _
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(A)

LB media

PET film

LCC
(secretion)

(B)

LB media

PET film

Lce |
(secretion) 11

et

TPA

(C)

5P
Acatate
TPA —_—
EATP

<Lig-Lig extraction=

|

l

OH-

H
HO, 3 Eﬂ S' o
TPA

HOTP

EDTA & FeS0O,

Reaction solution

HOTP

I OH: «— EDTA &FeS0,

P aded

<Evaporation=

e TPA
Ethyl Acetate
> —

<Fluorescence measurement=

719 3-3. HOTPE o] &3 ~=ey Al~€ scheme. (A) %7] ©AkS,

(B) HOTPEA 2=z Al2=H,

_18_
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200

400

300

Fluorescence wvalle

200

100

2% 3-4. HOTP @3 adiel Aol LB wj# ¢ DMSO¢ &#54

A

400 4
2933
1.2
control LB buffer
(buffer) + TPA
1e0uM

_19_
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(A)

@
o

y=0.071x+ 60537
R'=09991 .®

b
(=1

ra
(=1

o .
= 40 e
2 ‘
3 9] 250 500 750 1000 12580 1500 1750 2000 2250
TPA concentration{uM)
(B) standard deviation
LOD = 3.3 x . :
slope of calibration curve
(C)
Name Value
slope of calibration curve 0.071
standard deviation 6.817

a9 3-5. HOTPEA ~=z:gyd Al2d"e ATH7E (A) TPA %29
HOTP &3zkol disk A=A, (B) limit of detection(LOD) AAF&2],
(C) HOTPEA 2==zgd ARFAY 7|&71¢ A3k

_20_



(A) 35

20
25
20
1647
15
10
]
0.04
.D e
4;¢
18 3-6. HOTPEA =gy A]2~d 9
Zr =Adolg, (B) HPLCE %73 TPA

FL/OD
o
oo
ra

al
=]

(B)

Ao mv]

T o

o Oy

LCC_ICCM

LCC_WT

LCC_CC

TPA

LCCWT :112.28uM
LCC CC : 85.12uM
LCC ICCM: 126.15 uM

TPAESE

1mM
Benzoic acid
(internal standard)

AT, (A) LCC_op B 3 Edweol

e R ERE

_21_
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3. 2. HcaR n}o] & Al A

okx] =3 HOTPEA 2=y Ax®"lxct TPAo| st
sensitivity & Z7}A| 7131 Aurz 0l HO A S SIMA T LAY, E.colis ©]
€3l in vivo oA TPAE AZstaa stdvh. TPAS Fid wel
olo Wkget= FARRQIAFe| ofd GFP wrdwFo] Frlste A8 g ol &3t
=3

TARALE B8 oy AARIA FRIS AMEEa, Ecoli K12
genomeo]| <43l hca operon transcriptional activator(HcaR)< A4
3}t HcaRe Al elzt=A] ligand binding pocketo] =+ g 7k=7}
EAEA], HeaR-gl7t= B3 E 3 Alslo] HecaE ZEEE ] &A1&
FAAES] AALES S7HAIRIY 18] al HeaR_oFA @& cinnamic acid
o LS S HcaR_WT¢] 7] ANE E Al A A
4-hydroxybenzoic acid(4HBA)o| = ®H$-3}l7 wE =8-S sttt
(E101H, V102Y, V227S, T228E). [17.18] 4HBAS} TPA¢| s} 7z 4
o] A4 wWHEol, HcaR 4HBA E9¢iwlo]d m3sk TPAo| d+-g3h¢]
HeaE Z2REE ZAAZA F A& d dig gle] dasiin. 7t
A g3 Bk o] F HcaR_4HBAE 7)¥r oz TPAo| w3} ufo]

QAME FHA sHh (2™ 37
3. 2. 1. HcaR gl F2EA

HcaR_WT# HcaR_4HBAY PDB AlolEo] vz AALx7 §l7]
o] Homology modelingS 23] @iz %2 A1zt A Y. HecaR o
Mol DNA ZAgH920 1789 #7jE AL, zt= Az
907296¥ zF7]¢}¢] identity ¥ query cover HAEZ} =& PDB A
dolg & AMeEstuzt At multi-templateo.Z  AF8-3  flo]E] =

RCSB PDB #}o]Eo|A] 3GLB, 2HXR, 2QL3¢] PDB IDE 7} &Hld

_22_



o
(A) 4-hydroxybenzoic acid
. (4HBA)

PhcaE

_ hcaR_aHBA > [~ GFP >:_

v

E101H, V102Y, V2275, T228E

(B) Terephthalic acid
HO. (TPA)

Plhln:-aE

—l: hcaR TPA D [ GEP >:_

4

E101H, V102Y, W2275, T228E + O

1% 3-7. HeaR whol @AM E o] &3 2=y Al2=gl scheme. (A)
HcaR_4HBA n}o] 2 AlA scheme, (B) HcaR_TPA w#}o] @ AlA scheme

_23_
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ARTZE AP (F 3-1). F71E  Alphafoldg 23 423
HcaR_ WT ©ld ARG % 3l template® AF-&3F3Ath

1 3% Autodock vina EZz@a#S o] &3lo], 4HBAS} ZAds=
HcaR_4HBA¢] ligand binding siteS 2kt 18]a1 TPAo| thajA =
docking AlE#olAS sk A¥ A 79l R1469] wfs] 4HBAA
# TPA g F42A3%S AT & IS Fdsv [17] =3t
ligand binding sited] 4HBA7Z} wj<d @ 9%} Zo], TPAE AFAA 7o
Ao vjdEo] &S & 5 AT o]F F3, ligand binding siteo]
oz #7|Eo] 4HBAS} interactiondlo] inducer® #-g&3 4= e A
A, TPAX A8 interactiong A e 7tsAlo] =vp dAwstsdr, A
FA o2 HeaR-#7t= HFAE IS & Advkar oFaan (29
3-8).

homology modeling-& %8]] caR_4HBA?®] ©uld Lz Z nig
o2, 9% HcaR_TPA A% AWolE 71e 27E AA szt
3ttt 4HBA®] OH7|¢ 2tadd }% NFeR, 5 A o sl
HcaR_4HBAS] #71E& Zrolr oy} (17 3-9). o] & S, T193, S198,
1201, T223, N224, 1225, E228 % 77/0¢] 2717} A H A o ZF, 1201
o 4HBASY TPA/} ZEAoZ 7A= Ay Tzox we
interactiong & A l7] 9, -?—% =AWl E 7I VA= AL EHA
Hth HEA o2 HeaR_TPAZE €8 T193, S198, T223, N224, 1225,
E228 & 67§¢] xt7]7} 7]7‘]‘5017‘3 H3lE Qe A4 V|2 g SH A
671 zt71 5] diste] 1A xE3st EARelE VMo wM, 4HBASl OH
717F obd TPA¢] COOH7]E ¢ 3t ligand biding pockete] T+% W3 &
fFr=dle] HecaR_4HBASQ] 7| dEo]A W3lE do 7| At 3T

3. 2. 2. HcaR_4HBA u}o] @ lA] 73

F#o] we HeaR_4HBA Edwo] & Faste], wloler g
Tkt stk [17] feejg e delE 483 TakaraAle]

_24_
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PDB ID Name Organism Classfication
3GLB Crystal structure of th:i:i??éggﬂ;ng domain of a CATM Acinetobacter baylyi ADP1 Transcription
SHXR Structure of the ligand binding domain of E. coli CynR, a Escherichia coli K-12 Transcription

transcriptional regulator controlling cyanate metabolism

Crystal structure of the C-terminal domain of a probable LysR

2QL3 family transcriptional regulator from Rhodococcus sp. RHA1

Rhodococcus jostii RHA

Transcription

¥ 3-1. Homology modelingd] A}-&3F PDB dlo]g ==

_25_



a8 3-8, g 7r=9 HcaR_4HBAS$} ] docking Al Edo]A. (A) 4HBA,
(B) TPA, (C) ligand binding pocket Aroll A ¢] 4HBA®} TPA<C] wj<d

A

_26_



a8 3-9. HcaR_TPA EdWo] Az 3
HcaR_4HBA ligand binding site W ¢] @A z7] Z=A}

_27_



In-fusion kitE o]&3fA] wlo]AAME FF3FUTh HcaR AlH~ H
hcaR-hcaE intergenic region 18|31 HcaE X =ERE:= Ecoli Kl2
genomeo]| A PCR& =3l TRt e 2=
pACYC_Duet-1(pACYC)S- o] &3t} A E] = low copy number
2 7}A] 7] constitutived} Al @@= GFP g33ghe] Magte=s v
7] 9ol

=3l HcaR_4HBAZ®9] cassetteE #0212} W93t (29 3-10).
AHBA$} TPAo| w3 EHF-dr3a4S agRg;t (29 3-11).
fluorescence/OD600(FL/OD) kS HH, TPAo| tsle] HcaR 4HBA*=
oyt el wkEshA ¥E Aoz vEuth 4HBAS A4, 71He F
Lo gk FL/OD#te] F7He &Rled 4 AU &A%, TPA] ‘?}%6}
+ HcaR_TPA =<dwWol& 2710 = wlo]l QA =FA] 9]
GFP &34zt 2 fold change(FC) 5717 & Q3%to] &1 At

19 e

—l

ol

A

rulo

3. 2. 3. vfo] L AA Wk 9 i HH3

BhEx HAsME Adstax ST wARAdE =i l
LB+1 % glycerol® A3} 3, HcaR w92 o] post-exponential phase
o A] B AAETE =78 Hysle] Hesk A7 YA dilution ratio
of uigh A3, 1/100 vjgo] AFES FRlstdnt (27 3-12A). [15]
I %, Ecoli F| E GFP 8337k #olE elsugdrt (19
3-12B). o] 4%, BLZI(DES)EE]— DHba”} FColl o] &g zt= A

B
ol

al

MeEA 9 #F AARE Bd S HgIHS vhA 2R

(28 3-11). 2 23, 1 mM 4HBA9] thalA, oz v 68] A w9

FCE 4% 4 Y sd wrexAS EiE #0212 cassette] 4HBA
of gk 3 FACS oAz B4 7153hA] s gkt st
FACS EﬂO]E o

Hl2 o459 E.colise] GFP 3313 o]
o] gl ATH(2d 3-13)

M2

8 3



Phr.aE

—__—< hcaR_4HBA 5 GFP F_—

Phr.alt

agctggtagaaattaactatttcacatattagcaaccaaccagcaacatccttatggcacaaaaatagaaggtcaatacat

tcgaccatctttaattgataaagtgtataatcgttggttggtcgttgtaggaataccgtgtttttatcttccagttatgta

[__HcaR binding site [ ] R = Y o ]|
-35(hca€)

[ HC3E promoter > 1

-35(hcaR)

19 3-10. #0212 cassette®] T4

S g A



%]
120 6.41-fold 124 23 J/@)l\yﬂ qHBA
H

L.37-fold 102

FL/OD
[a]

- + { _'! o
#50 TPA
] —r—— s s HO.

. 2276
j -+
20 s—1o0 I

Concentration (UM)

—eo— 4HBA(first) AHBA(optimized) —e—TPA

a3 3-11. #0212 cassette 7]4Fe] 7] @ S aF-0b A,

- 4HBA(first) @ wrg-x=7d 9 w5 H#H 3 deo] 4HBAO| w3k #02129] &=t
&34

- 4HBA(optimized) © ¥g27 ¥ @ HAsh Fo) 4HBAG o)@ #02129] &
k-3

- TPA : uF&

N
Y
)
’

N
ﬂ‘.
X
ot

Aol TPAo| tjgh #0212 & Fuk--3A

_30_
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O EE weFxd Qe dwMAFs fAaEeAel HEe B &
A #0212 cassette Aol sk ol % 1o Q

WA Fa A GFP g% 249 $AE ddstan stk
3. 2. 4. HcaR @& ¥A A}

#0212 cassette?] Z 2R E ] W3l dxyoj&g & AxEslaal AT
E.coli K12 genomeo| 4] Itz FE3 ZZRE T3+, hcaR-hcaE
intergenic region®] HcaR ZZ X E]9} HcaE ZEZRE7 AAUE
2 ZAsTE (21 3-10). o]¥ g Fx= F /i ZEREZF DNA &
o Mz EgHoz AuEH], MEA L2 HE dx|ojydg A
171 ojd . daetadch =3 SDS-PAGEE &3h4, #02129] HcaR
Ae FlsrekS wl, HeaRell 93l band7t A9 g1 A &t
. 9]+ Native promoter?l HcaR ZZ X E 7} uf-¢ ¢Fdl Aj7]o]7] uw
olg} sjAstAtt. HcaRe] gt wae St HAd ks 9al,
hcaR_4HBA A2 A|H|A~E pET28a+ WMEHZE %74, 2L ZZHEHO
A BEAANARZ 2 At 71E2 pACYC #HEo] 99 hcaR_ 4HBA
2= Ngwde] 157)¢] ofm wikS Al 9]sta % truncation &} A

44791 HeaR 4HBA @ldo] 449 5 g7l shdth (27 3-14A).
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3. 2. 5. HcaR-T7 ZE2 R ¥ A xH

ol Aol FRl¥ HcaRel LdAEAE s dst7] flal, hcaR +4
ARbg pET28a+ W2 &7 5 T7 ZE2REE &3] HLHAA7|7=
3ttt hcaR_4HBA A 2E pET28a+ WE o] T7 ZZRE ] F=2Y
3l cassetteE #025lo)8tx WP (29 3-14B). @3 (19
3-14A)A = truncated hcaR_4HBA$} GFP7} A ¥ o]+ cassette:
#02500) 2t a2 W stA T 18l a IPTG s X0 wE HcaR 2d &9

_31_

] 8- )



(A) 541 (B)

4 4
= o>
= 297 i:ri
i 3 3
o [¥]
12 249 e
=] (s]
e {o

2 53

3

0

110 125 150 1100

Dilution ratio

9 3-12. #0212 cassetteo] 7 Wbg-FA
g HFH &, (B) DH5agt BL21(DE3) 719

_32_

5.03
311
109
2 73
11 05 15
o
0 250 500 750

4HBA (UM)

B DHS2 mBL21(DE3)

#3 24 (A) =AY
Czt vl

o N2



43162 -

32372
21581
10791 4
Control
o i — - -
10° 10’ 10°
20807 4
Q
22355 -
o™
14904
HO
T452
750uM 4HBA
':I '_Hﬁrr rrrrry T i § T L
10° 10! 10°
313386 - o
23502 4
HO
15558 o
7834 4
750uM TPA
ﬂ r_m_F"l T T Trrreg i ¥ T T
16° e 1’

Mean cv
¥z (FL1 Area) (coefficient of variation)
control 2.79 94.51
AHBA

(750 uM) 3.63 234.46
TPA
3.23 85.39
(750 uM)

T19] 3-13. #0212 cassette®] 7] @ FACSEZ
- X=: FL1 Area

_ Y%

cell count

_33_

@ BY

S|
ax



(A)

#0250
Phcae (pACYC)
1 hcaR’ E GFP >—T—
Phtan
(B) #0251
Pr7.1ac0 (pET28a+)

[ hcaR_4HBA } T

a9 3-14. HcaR 2d&A] si2dS $3 WE A== scheme. (A)
GFP 23w e _ #0250, (B) HcaR =& ¥ H_#0251

_34_

A& sty



off
-
32

Eood rEoon L

Aol & ks, HeaR W@z FAw&s waustaz
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skAl S delstdtt (19 3-15A). 750 uM 4HBA 7| =2
& FColAIRE, o] (g 3-12B)ollA 3eldd 4= 3lxo], FC7} #0212
cassette®} 750 uM 4HBA 7]=°.2 1.73 ulZX, & 34ut2o] DHb5aol
v 3l oA o s wjg- kgt BL21(DE3)A Al Ad& zlalgh ajlo] #&
7] witolgha skl
o]o14] SDS-PAGE R4S %3 HcaRel WalS #olsjniz ahgl
th IPTGE #H7bs) g A A7l -, Total fractiono] /] ¢] HcaR<¢] I}
HHe A o]FAHSS AT (19 3-15B). dpA|RF i H S Al
71 4%, B5 soluble fractiono] A ¢] HcaR& AFAA Zroli 4271 Q1A
th ol9} R =, IPTGE HolFA4 &2 47, HcaRe| o] dojrt
A AT T7 ZZHE 9 leakinessdt EA] wjio] A gke] HeaR W
o] HFHYLS sttt o] AL total fractiono] A ¢] HcaR<
IPTG 1€ Ao ASerwrt A3 AJA T 23]# soluble fraction 2ol
golstAt). ol ZEREQ A7|7F el
& &] o] soluble proteine] <Fo] Z7}3l Ao =2
EWZ, HcaR w@lz o] Aula el solubility
= Al . 1?8 L soluble HcaR¢] <o) Z7}38ko] uwhet
HcaR #jo] @ 4lA o] & ol g FaEss g1 4 AdH. 2#
7]¢] HcaR<9] soluble expression Z7}ol %S w3 olFo] o QAo
A JAT. o]o] 3t 2714 7hsgk AlE S
1. T7 Z2RE R} ¢kt A 7]|¢ E.coli constitutive X% E(J23117,
123108, J23100)2 o] &-3lo] HeaRe 3] a7l
2. T7 ZE2REE o] &3}y, HcaRel soluble expression 72 9& <
gHd 27118 18T 2 ¥Aste] #d x5 =+H
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3. 2. 6. HcaR-Constitutive X Z ¥ H A]|AH

otM AlY U R, HecaR @A S v}k A|7]9] E.coli constitutive 3Z

EEE}E A A A gk Z2RE AXYo] ] gk 8o

92 e AP 2 LW constitutive ZERE S o] &3}/ & 51
t}. E.coli constitutive Z2RE &, J23117(eFsk A 7)), J23108(=7F Al
71), J23100(7gk A7) 37H4] Z2REE T3 A¥S WFsAT Al
749 R%E RBS¥ BBa B0032E, #WEl:= pET28a+& A3}t &%
ZERE-RBS 2 T3 FE53I cassetteE: AR #0253-117,
#0253-108, #0253-100¢]2} Wttt (19 3-16). o] & #0250 744 L
o1+ DHbao| 747t FAd&stdt. 538 3% 572 DHSaet #0212 DHS
acl diste] 4HBA w3 FFRHEE E/\Pﬁﬁl‘iﬂﬁr (29 3-17).
#0253-117, #0253-108, #0253-100& *E3] HcaR_4HBAE & i
#OZIZEE} & k-2 9] dynamic rangeS&} FC7} Az3 Aoz Tl
t}. 3t constitutive ZERE]E o] &3 F-F, oln] 500 uM 4HBAO A
oj-Ax GFP 349 X3Py =g3dt zZom Holw #0212 tn)
operational range 3 A Z3F 7oz xSt}

B2 = constitutive ZTZHE Fo|A] AP ozm =& Gl
S-S ®Ql #0253-100& 7I¥Fe 2 RBSE uwA 7Y, o Y& ZE R
-RBS %32 z2+e ool gHUT o]5 T3 HeaR nlo] 2414 2]
FCe9} operational rangeE Z7}A]Z o A o]t}
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4. A&

A AAIAQI PET Ate =z <8, o PET Az 9 A&§ =3 T2
g FAEAR e vk 53 PETERHEAES o &3 W44
I PETEa el 5% wi lon, ojfg PETEHEALAES &
T FHe] dAYolgE Fa PETZ & -activitys S7HA71= A
g @itk 2 AgeAE @A AT Wl AYyHA ¥, PETE
E s EdWote] PETH & -activity HlwE 3 S EALY 2
a8y Alzg AL FAR A7E AT SR e
A5 fldll, PETZ a4 <, 543 Sddolo] #3 A47F el &
F¥ LCC 48 A8, 53] signal peptide §lol= Axu Hfo

2 BHEE B4 FEEte] ~aEd Als"s skt
LCCe PETHE & 22 =, TPAvYFo] hydroxyl radical®} A& sle] &%
EAQS UEE HOTP/F AAETE 982 o] 835+9 in vitro 238
W A]2ES whE ) Yt AEsE pHE7A| A hydroxyl radicalS
At 4 9E Fe(ID-EDTA HEWSS A& LB ## 9
autofluorescence ¥k-go] HOTP &Z=Ao| EAE oF7|&
t}. o] & #|Asl7] Y3l ethyl acetateE o] -g-sl ol ol
o 5E 2agyd Al2xgE HOTPEA =g dolgha
HOTPEA =gy Alz=dl9] fa4 H7istax st ofe 9]
TPAE FH7tste], HOTPe F3#s SAMEUT. 7kt TPA 43
HOTP &3¢k Atelo] HFds a1 dx, 4o =
ekt =3 LOD ke 316.85 uM=z ALk
HOTP &33zk3 AA PETES|HFES Wagsk A2

d

rr

rlr _1

HPLC® A#sto] wxyFsl712 shalvh LCC_ ok 2 2719 LCC_
=Wl s ol gskaltt. wAyS A HOTP &3¢k 2717k 715 o
1

[e}
2} HPLCZ £ TPA 4wzt 3t = Uge
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HOTPEA =84 Al2=Ee9 LOD ZHT t©] @& TPA FLolA
TPA &A1& 7153t PETREEAE 913 238 d 9 throughput
S S/MNZILAL, Ecolig o83 in vivo WS TSR ST
HcaR @@ Ao 3t Fx1EAS RP3elar, ligand binding pocketol
AWolE 7te z7|E AT o]E F38| HcaR_4HBAC] ujgh 7]

Aol 4e WaAA TPAY wgas WEIL, of HeaR EwolE o
83l HcaR_TPA nlo]| 2 AAME F=38tax st HecaR_4HBA Hlo] 2
A A

s AL EgE B TESY. 5 vlo] alA #0212
cassetteE o] 1o 4HBAS} wH&S A =
= 9l 3}010‘117\1-4 FC# 717 288S st vkgx7
Asts Fdll, MduiA= 1 % glycerolo] X3Hd LB #jA], =AY

dilution ratio:= 1/100, ¥4 2E %3] DHb5a7} # g3t
i =1ES o] &ste] GFP d3g&
A, gl div] 64 F=e] FCE o
sl #0212 cassette’} FACS ®Alo] 7}53hX| 4HBAE o]
Al 333}039_1/} E.coli A¥rAd o g GFP
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S TESAT AP A, IPTG 9948 S A 714 o} 289 HeaR
o] A A-$-o, HcaR9 soluble expressiono] 2z Jojts 3hels)

AT} o] =g wE Y A7|7F ks Ao wel HcaRo] 3] ula ¥ o]
soluble proteine] <¢ko] Z7}3k Aoz F|AEolRTh e soluble
expression®] Folof uio] @ Al o] FPRkg = H oS FUsUt
a8 7)o T7 ZRRE R ¢k3t A 7|2, E.coli constitutive T2 HE]E
A}8-3 HcaR-Constitutive ZZ R E A|AES F=3Act. g Al ~HE
o] 7%, #0212 cassetteR U} FC7} =% &S gelstt. spx g T2
BHe AEa7 & dHAH Y Y= Holl A gene workel]

EA%T. 18 7)o] A& 3 constitutive ZERE] Fo|A A
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Abstract

Development of Activity Analysis
Method for PET Degradation Enzyme

Taeseo Park

School of Chemical and biological Engineering
The Graduate School

Seoul National University

Based on the petrochemical industry, various polymer materials
have been synthesized since the 1950s. And today, the problem of
plastic waste disposal is emerging all over the world. Among them,
polyethylene terephthalate(PET) based on ester bonds occupies the
largest proportion in plastic waste. Recently, starting with /sPETase,
PET degradation enzymes such as leaf-branch compost cutinase(LCC)
have been discovered in nature, and a method for decomposing PET
waste 1s attracting attention. Furthermore, in terms of enzymatic
engineering of these enzymes, studies to improve PET
degradation—activity, which degrade PET to terephthalic acid(TPA),
are also in the spotlight. However, to date, high throughput
screening(HTS) for PET degradation—activity comparison of PET
degradation enzyme mutants has not been reported properly.

In this study, two activity analysis method and screening system
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based on FEscherichia coli, which will be the basis for the
development of HTS for the comparison of PET degradation—activity
in the future, were attempted.

First, TPA was synthesized with a fluorescent substance,
2-hydroxyterephthalate(HOTP), and then detected in vitro. It uses the
principle that a hydroxyl radical combines with TPA to become
HOTP. Hydroxyl radicals were generated under biological pH
conditions using the Fe(Il)-EDTA fenton reaction. To remove the
autofluorescence reaction of LB media, a liquid extraction method
using ethyl acetate(EA) was applied. A calibration curve with a
positive  correlation between TPA  concentration and HOTP
fluorescence intensity was obtained. The LOD value was measured to
be 316.85 uM. To confirm the effectiveness of the HOTP screening
assay, cross—validation was attempted by quantifying the fluorescence
value of HOTP and TPA through HPLC. Under actual reaction
conditions(70°C), the PET film was decomposed with His-tag purified
LCC_wild-type and mutant-type enzymes. Among the comparative
groups, it was confirmed that the quantitative value of TPA through
HPLC was also high as the intensity of HOTP fluorescence value
increased. This screening assay was named HOTPEA screening.

Second, it was attempted to confirm TPA in vivo through a
biosensor using an activator and green fluorescent protein(GFP) on
E.coli. As an activator, the hca operon transcriptional activator(HcaR)
protein derived from the FE.coli K12 genome was selected. Through
Gibson assembly, an HcaR_4HBA biosensor using 4-hydroxybenzoic
acid(4HBA) as a ligand was constructed. To change the substrate
specificity for 4HBA to TPA, the protein tertiary crystal structure of
HcaR_4HBA was predicted using homology modeling, and the

mutation location for the ligand binding site was selected through
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docking simulation. Through reaction conditions and strain
optimization, a fold change in GFP fluorescence value of about 6
times compared to the control was obtained for 1 mM 4HBA.
Although the constructed HcaR_4HBA biosensor was analyzed
through FACS, it was confirmed that there was a problem in the
expression of GFP and HcaR. In terms of genetic engineering, there
was a need to adjust the promoter responsible for hcaR expression.
Therefore, using the T7 promoter, HcaR was overexpressed at
various IPTG concentrations. In this case, when IPTG was not added,
it was confirmed that the soluble expression of HcaR occurred well.
Through this, it was confirmed that as the strength of the promoter
was weakened and the soluble expression of HcaR increased, it was
advantageous for the fluorescence reaction of the biosensor.
Therefore, a new biosensor was constructed using the FE.coll
constitutive promoter with a weaker strength than the T7 promoter.
Although the fluorescence response was not better than that of the
existing biosensor using the promoter derived from the ZE.coli K12
genome, the J23100 promoter was used among the constitutive
promoters and the best results were obtained. In addition, due to the
ease of promoter engineering, as a follow-up study, the need to
increase the fluorescence response of the biosensor was confirmed
through combination with RBS of various strengths based on the
J23100 promoter cassette.

Attempts to develop two activity analysis method and screening
system for TPA detection are expected to contribute to eco—friendly
PET treatment by helping to study mutations in PET degradation

enzymes in the future.

keywords : PET degradation enzyme, terephthalic acid(TPA),
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ethyl acetate(EA), 2-hydroxyterephthalate(HOTP), hca operon

transcriptional activator(HcaR), biosensor
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