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A A ARY BA

M. A7 e 2 3

Z2XES T HE R A TR o] full-length ¥9F oYzt &¢a Xl domains

H 2 expression constructs A& (gtg|2]o}, Insect cell, Mammalian cell
expression £-& 7+zh A|&H

dgtgj|2]o}, Insect cell, Mammalian cell expression A|AEIS 7F7F testdlo]
55o] Wl A4S slop)n paT

c}ebet chromatography WS ol&5to] 7 RS 9t &Ko A
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[. Title

Structure determination of enzyme and interaction anlysis of antibiotics

[l. Purpose and Necessity of R&D

(The title may be changed if necessary.)

III. Contents and Extent of R&D

(The title may be changed if necessary.)

IV. R&D Results

(The title may be changed if necessary.)

V. Application Plans of R&D Results

(The title may be changed if necessary.)



A1Ad A

A

el
Hlo

A2 =ue] e 8
* el e] dEEokdd o

5

Z1eN T A7AH7E -] N TE AN A4A

3+

S

A

o
bo

X
oF

)

A3 A ATALEEY e R A

AW, d7U e, d74%E 7=

ol &%, 4

*

el Azt A

2}

|7}

ol
=

A5 AL AARe] &8AF

7 7]

©
o

a7l e, eaTl

=
T

*

il

& 2] et &g B

3+

3

A6 & AT MEHAGAAM +H

~

;01_
a7

__AU
o

!



H1 3 ME

O Az A T a7
A%< Adsts 71 84 Ao S8 o AA A AR

- =%

27

- 719 A i e A YEE TR AT, vhEAQ] Y
=4 1A)E 5T F e AT AT 2= NEE AFH Y 8T

O FAFAAY 76 I EHD HPaL Ad

- FANE 7 AR g R JH A ELD dygas 23849

- H¥gas B4 FYEY T2E 1HS A EA-FYEE AG oA

- JAEE AP R L FAAY IEH2E vHe] Ao IdFE FE A= &
2 4 AEZ+  Hydroxylase, Glycosyl transferase, Isomerase,

Acyltransferase, methyltransferase, Sulfotransferase &°] %+
O FAEH dgasr ad Yat
- FA e sAuwde] By S-S L.

- BawmE YA FEES AT w7 NS olE T 9@ Akl Hagt

- SAAERN HEEs 2 AR

B gAToldE A WH AsYe FEHHL oE wgow mAuwy T
284 8 AR Ao Al UF ATE AYHAL

H 2 & Uil 71=71e &g

(W2ksle 23 diAMEE &8t zxe] oA
2 7FE S8 JAAEHE mAE), F%°F
Z B gR=E L4848 £4 golHgE

O FA oA &g ok A
&2 FHIFo=E st

+ Aot utbE 2o}

T 2 AT AF T

FA AT Lo HE nAYE FF23 2 Polar and Alpine Microbial Collection<-

+Fste g & FA HAEARLS 7] gE

O FALTFLAAE dZt 71AITFAE S T3l SANE 0F(HFHA 55 &)
o fHAAd  FgER  (d5A4E A AR dHolHMlolx  oFE
(http://antagen.kopri.re.kr/)

O FAAFxo = A WAFe (Streptomyces sp. PAMC26508) A 5}

O



AHEE 4 (PLoS One. 2013 Jul 23;8(7):¢68824)

O FAAEHE a3 WEo| Boddls= &4 Cytochrome P450(CYPS) -2 A}
20 o)A &<l 2 EA EXA (Int J Mol Sci. 2016d 59, Int J Mol Sci. 2016d

O =4k 24% Ao} @AY, Folo2~Ele] Aok 43 PAA AMiERE 20149 74
m = FDA(X Eolokg)e] %98 webm, 20159 Bu) Aok 87} ol Zae
o= ulZo] 12T AL AW 20039 LAY F}ste] HEB o] % T Wi

O =4+ G447 2ok Au, 20159 Z 235 Aok B (ARHA, SshebE)
ARDEAE ARZEAL D-o} AR ZENG S FHROE ol ALEA &
AAZR BN BAD, AAFE e BAHA A AR FAokEl AL

sh= AlF

HEA S a
H 3 & djerd L8 2 Zit
O ABEE 1 AP WL VAN LY 75
O MFEF 11 2AYLe WYas @Bl full-length o} ofUet Lefq

[©)

domains ¥ =2 expression constructs A& (¥H|2]o}, Insect cell, Mammalian cell

expression €3 2tz A&}

r
ol

1o Hudd 2% B2l 9 (PR Wid«5)2 29 construct AAF2 9t ofn]eil A

1=
OE:'].?_T}\%]

2. HUAY 2 el A (A Wddt5)9 29 construct AIA}f



Name Gene Protein Uniprot Da Amino acid seq PDB
&
o
EAVEK
>WP_000762607.1 >CARG97801 penicillin-bindl teln 22 (5 bt
SpPBP2A SPJ_2018 i ORI el RPN etee 71,990 Ao 3267
sy
SNGA
i o
TIWDSIVNLFR.
o
o YFYILANOM
AbPBP2 PbPA K>\M’ Mm&fﬂéﬁ%ﬁwa“m binding pmépmllﬁ{Gu:GXd 59,710 GIDaM 5LP4
wpRn. ey
s
s
ASSTPATASTSATIOATHRPATNEVDE
N
WP000197255.1 >ABO128532 D-ala-D-ala-carboxypeptidase; o
AbPBPS  dacC prl-iig ot )it bauman G1C735 39,890 1 K91
1Al
priess
Gene Protein length (aa) Da Uniprot Amino acid seq
i) Amiogeosde BN LT —
ac()-i 182 20679 12710
Sadg acetyltransferase EHPYEEYEKLGYCNGVLPRANGWDKPDIWMAKTIPRPDSQ
U221, Unchacts gt e =Bl s i 168) O PE3 592
Yenj Pulativeaminoglycosi 306 UM 799105 "
de kinase
&vmo
| any r——
- oo GETUTCesce
utative aminoglycosi
RBIT 251 27.242 97188 e i«
SFA O o A 4l o ut& AF
3. Al Bl SRR BRI R B R A B construct AA]

O A|F-&E3E 1-2: urgelo}, Insect cell, Mammalian cell expression A]lA
teststo] 2]A 9] W A|AElS Atopfy P&
1. Initial B& CTHERA @ AlS

Identities: 227/549 (41%)
Positives: 348/549 (63%) PB
P4 Listeria monocytogenes

Identities: 190/586 (32%)
Positives: 288/586 (49%) PB
P2 from Helicobacter pylori

Identities: 174/348 (50%)
Positives: 243/348 (70%) PB
P5 from Pseudomonas aeru
ginosa

arganism

Enteracoccus faecium

Bacillus subtilis

Mycobacterium tubercu
losis

=] KR
o=

pAvAs

~

=
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©

Penicillin binding proteins (287 W&&F)

cloning name

KpPBP1A

KpPBP1C

KpPBP2_1

KpPBP2.2

KpPBP3_1

SpPBP2A

AbPBP_3

AbPBP1B

AbPBP2

AbPBPS

Protein Gene
penic protein 1a:

idase - A
Penicillin binding protein 1C (PBP 1C) pbpC
Peptidoglycan D,D-transpeptidase MrdA mrdA
Peptidoglycan D.D-transpeptidase MrdA mrdA
Peptidoglycan D,D-transpeptidase fts | fts |
>WP_000762607.1 >CAR69780.1 penicilin-binding protein 2a (Strep ¢y 501
tococeus preumoniae ATCC 700669] -

>WP_000667907.1 >ABO12897.2 putative D-ala-D-ala-carboxypeptid
ase penicillin-binding protein [Acinetobacter baumannii ATCC 17978 dacD
1

>WP_000667412.1 MULTISPECIES: penicillin-binding protein 18 [Acin
etobacter] >ABO12707.2 hypothetical protein A1S_2284 [Acinetobac mrcB
ter baumannii ATCC 17978]

>WP_000809155.1 >ABQ11452.2 penicillin-binding protein 2 [Acinet

bacter baumannii ATCC 17978] pbpA

>WP_000197255.1 >ABO12853.2 D-ala-D-ala-carboxypeptidase; peni
cilln-binding protein 5 (precursor) [Acinetobacter baumanni ATCC - dacC
179

A EtZ 7} (Staphylococcus aureus subsp. aureus NCTC 8325)

Gene
MurA
MurA

Murl

MurG

WalK
WalR
UppS

FtsZ

Fabl

AccA

AccD

PheRS
Pdf
Pdf

ClpX
ClpP
ayrA
oyrB
arlS

Protein
UDP-N-acetylglucosamine 1-carboxyvinyltransferase
UDP-N-acetylglucosamine 1-carboxyvinyltransferase
glutamate racemase

UDP-N-acetylgluc ine--N-acetylmt |
e) pyrophosphoryl-undecaprenol N-acetylglucosamine tran
sferase

Sensor protein kinase WalK (N-term deletion)

Transcriptional regulatory protein WalR
Isoprenyl transferase
Cell division protein FtsZ

Enoyl-[acyl-carrier-protein] reductase [NADPH] Fabl

Acetyl-coenzyme A carboxylase carboxyl transferase subun
it alpha

Acetyl-coenzyme A carboxylase carboxyl transferase subun
it beta

Phenylalanine-tRNA ligase alpha subunit

Peptide deformylase

Peptide deformylase

Methionine aminopeptidase

ATP-dependent Clp protease ATP-binding subunit ClpX
ATP-dependent Clp protease proteolytic subunit

DNA gyrase subunit A

DNA gyrase subunit B

Signal transduction histidine-protein kinase ArlS

Uniprot

A6TF20

A6TCD8

A6T696

ABTOHS

A6TAZ4

c€1cGu2

G1C763

G1C7C5

G1CeX4

G1C735

length
1260
1266

801

1071

1059
552
489
759
1263
588
1623
1653
834

Da

88,188

81,870

66,620

66,340

59,310

71,990

46,590

85,040

69,710

39,890

amino acid
419
421

266

356

406
233
256
390
256

314

285

183
162
252
420
195
540
550
277

length (bp) length (aa) enzyme site (pET28a)
2418 805 BamHI/Xhol
2244 747 Ndel/Xhol
1785 594 Ndel/BamHI
1785 594 Ndel/Xhol
1635 544 Ecol/Xhol
1968 655 Ndel/Xhol
1260 419 Ndel/Xhol
2310 769 Ndel/Xhol
1899 632 Ndel/Xhol
1095 264 Ndel/Xhol
kDa enzyme site (pET28a)  Cloning
45 Ndel/Xhol (o]
45 BamHI/Xhol
30 BamHI/Xhol o
40 BamHI/Xhol
47 Ndel/Xhol
27 BamHI/Xhol [e]
30 BamHI/Xhol o
41 Ndel/BamHI
28 BamHI/Xhol o
35 BamHI/Xhol o
32 BamHI/Xhol o
40 BamHI/Xhol o
20 Ndel/Xhol o
18 Ndel/Xhol o
28 BamHI/Xhol o
46 BamHI/Xhol (o]
22 Hindlll/Xhol o
61 BamHI/Xhol o
61 Ndel/Xhol o
32 Ndel/Xhol o

PCR Cloning

Expression

o

o

X X O 0 6 oo



MurA Fabl AccA PheRS  Pdf Pdf ClpX  arlS
. _ R S —
54— vt |
42-" ads e -
35 =8 ‘:3"'- oy el oue - ﬁ'u---b-c'u..'.__'
2 ‘e " - i
a
-
e i - -— - R - =
S | S S | S 1 S 1S 1 S 1S |
g Ade AYS O BTN w AAY 15
SpPBP2A  AbPBP2 AbPBP5 Ych) aac(6)-li Rv3817




ClpX (LB1L), arls (LB1L)
(ClpX : 420 a.a, pET28a, 46.297Kd, PI=4.55, coeffi: 0.327)
(arls : 277 a.a, pET28a, 32.199Kd, PI=6.68, coeffi: 0.356)

O AAEE 2 SABERH APELe A A2 75
O ARE3x 2-1: ot chromatography WS o] &3ste] 7zt dwldg 2%
HA o] A Az=Hl &g



SpPBP2A (LB3L)
(SpPBP2A : pET28a, 71.975Kd, Pl = 5.23, coeffi : 1.045)

Old sonicator New sonicator

Power 10%

Time | 20s/40s

Cycle 24
Total Time | 24min

Ycb) (LB3L)
(Ycb) : pET28a, 34.480Kd, PI=4.75, coeffi: 1.738)

—— 083018 Vel NOR! 1:40 UV — - 083018 YebJ LBIL NORMAL S200KD01:10 Fractions — - 083018 YebJ LB3L NORMAL S200K001:40 Loghook

pa 1616

Bt g 4 I
r|5|6|7]x| 9 | 10 ’ 1 Hl3|14|15|16|l7]ls|19i20| A

1 T T O B T O
i
ob 2h ah 1] ah 100 120 0 160 140 20 200 A 20 ) o

20mM Tris (pH8.0) 150mM NaCl buffer



Rv3817 (LB3L)

(Rv3817 : pET28a, 27.209Kd, PI = 6.31, coeffi : 2.107)

Old sonicator

Power 34%

Time 5s/55s

Cycle 48
Total Time | 48min

AbPBP5 (LB3L)

New sonicator

(AbPBP5 : pET28a, 39.878Kd, PI = 7.02, coeffi : 0.791)

Old sonicator

Power 20%

Time 7s/53s

Cycle 60
Total Time | 60min

New sonicator




AccA (LB1L), PheRS (LB1L)
(AccA : 314 a.a, pET28a, 35.069Kd, PI=5.20, coeffi: 0.654)
(PheRS : 352 a.a, pET28a, 40.106Kd, PI=5.48, coeffi: 0.515)

FWERBEEBN

O AREE 22: AAY B2 WFAALE FHie] FEEHS




MurA (LB2L)
(MurA : 419 a.a, pET28a, 45.074Kd, PI=5.49, coeffi : 0.524)

|
Final : 3.57mg/ml } \
20041 |

codaBUBBALBRBRINERREESE

20mM Tris (pH8.0) 150mM NaCl buffer

arls (LB3L)
(arls : pET28a, 32.199Kd, PI = 6.68, coeffi : 0.356)

Old sonicator New sonicator

kDa
100
70

40

30

20

Power 60%

Time 1s/19s

Cycle 35
Total Time | 11min 40s




Pdf-1 (LB1L)
(Pdf-1: 183 a.a, pET28a, 20.559Kd, PI=5.68, coeffi : 0.435)

:

DERRE
a8h

o o e a0 53R
BERIGBRERERERE

aShensha

#8388883

Final : 8.4mg/ml
230ul

/\V\—Fﬂf” N\
b+ | L L b b bbbkE]E i

conondh8R8588883

18 20

20mM Tris (pH8.0) 150mM NaCl buffer



10 49 109 259 311

Clp [LB2D |- 8

(ClpX : 420 a.a, pET28a, 46.297Kd, PI=4.55, coeffi: 0.327)

IEEE SRR E T

sgB83FBE

Final : 8.8mg/ml
240p

R8RS 5383FBR

L B '8 & &
e+ L bbbkl
0 1 2 3 4 5 6 7 8 3 10 1" 12 13 14 15

20mM Tris (pH8.0) 150mM Nacl buffer



Fabl (LB2L)
(Fabl : 256 a.a, pET28a, 28.021Kd, PI=5.64, coeffi : 0.479)

iBREREBELRLd éi

R A AR i e AR

aa8RRBY

onNsO@ON B

o I I
A\l b I—\
o 1 2 3 4

20mM Tris (pH8.0) 150mM NaCl buffer



PheRS (LB2L)
(PheRS : 352 a.a, pET28a, 40.106Kd, PI=548, coeffi : 0.515)

fZ Final : 4.3mg/ I ’\1/\ /\
i 150ul
z EEe |

S T
1 2 3 13 18 17

228

53080888

-]

8

20mM Tris (pH8.0) 150mM NaCl buffer



AccA (LB3L)

(AccA : pET28a, 35.069Kd, PI = 5.20, coeffi :

Old sonicator

Power 25%

Time 5s/55s

Cycle 72
Total Time | 72min

0.654)

New sonicator




Yebj (LB3L)

(Ycbj : pET28a, 34.480Kd, PI = 4.75, coeffi : 1.738)

Old sonicator

Power 15%

Time 5s/25s

Cycle 12
Total Time | 6min

New sonicator




PheRS (LB3L)

(PheRS : pET28a, 40.106Kd, Pl = 5.48, coeffi : 0.515)

Old sonicator

Power 40%

Time 3s/27s

Cycle 16
Total Time | 8min

New sonicator




FabI (LB3L)
(Fabl : pET28a, 28.021Kd, PI = 5.64, coeffi : 0.479)

Old sonicator New sonicator

Power 30%

Time 5s5/55s

Cycle 24
Total Time | 24min




Pdf-1 (LB1L), Pdf-2 (LB1L)
(Pdf-1: 183 a.a, pET28a, 20.559Kd, PI=5.68, coeffi: 0.435)
(Pdf-2 : 162 a.a, pET28a, 18.101Kd, PI=4.62, coeffi: 0.329)




MurA (LB1L), Fabl (LB1L)
(MurA : 419 a.a, pET28a, 45.074Kd, PI=5.49, coeffi: 0.524)
(Fabl : 256 a.a, pET28a, 28.021Kd, PI=5.64, coeffi : 0.479)




I pET28a Cloning

e |
| I}

Expression using
E.coli Expression system

I Cell lysis (sonicator)

I Centrifugation

His-tag affinity
Chromatography
-Ni-NTA resin

Thrombin treatment

Size exclusion
Chromatography
-Superdex 200

I Fraction concentration

\-Column: Superdex 200
rBuffer: 200 mM Tris-HCl (pH 8.0), 150

iFlow rate 1 ml/min

-Fraction size: 2 ml

m T
-~

'

! CHR|7|0{=

shell Lower Uppsr Avarage Average Norm. Linear Squars

limit Angstrom I error stat. Chi**2 R-fac R-fac Rmeas Rpim CC1/2 cc
50.00 7.59 1300.6  24.3  14.6 3.481 0.056 0.066 0.063 0.027 0.955 0.393
7.59 €.03 416.9 10.7 8.3 3.331 0.074 0.077 0.082 0.034 0.994¢ 0.999
6.03 5.27 350.9 10.7 9.0 3.328 0.089 0.091 0.099 0.041 0.992 0.998
5.27 4.79 430.3  13.1  10.8 3.605 0.094 0.093 0.105 0.046 0.990 0.997
4.79 444 4741 147 12,1 3.716 0.095 0.094 0.107 0.047 0.988 0.997
4.44 4.18 412.3 14.1 12.1 3.575 0.105 0.102 0.117 0.051 0.988 0.957
4.18 3.87 347.9  13.5  11.9 3.350 0.117 0.113 0.130 0.056 0.986 0.987
3.97 3.60 307.0 13.4 12,1 3.086 0.125 0,121 0.140 0.060 0.984 0.996
3.80 3.65 241.3 12,5 11.7 2.869 0.145 0.138 0.161 0.068 0.980 0.995
3.65 3.53 197.3 123 11.7 2.644 0.165 0.154 0.183 0.077 0.977 0.954
3.53 3.42 163.2 11,9 11,5 2.593 0.192 0.184 0.212 0.089 0.966 0.991
342 3.32 1284 116 11.3 2.391 0.215 0.211 0.238 0.100 0.953 0.988
3.32 3.23 103.8  11.6  11.4 2.241 0.266 0.248 0.295 0.123 0.541 0.985
3.23 3.5 78.8  11.3  11.2 1.972 0.314 0.298 0.347 0,144 0.917 0.978
3.15 3.08 70.9 i1.5 11.4 1.953 0.356 0.336 0.394 0.165 0.902 0.974
3.08 3.02 5.5 11.5  11.4 1.857 0.387 0.358 0.429 0.181 0.B71 0.965
3.02 2.96 54.9 11.5  11.5 1.807 0.450 0.405 0.438 0.210 0.871 0.965
2.96 2.%0 46.1 11.8 11.8 1.732 0.540 0.491 0.599 0.253 0.810 0.346
2.85 37.1 12.1 12.1 1.653 0.665 0.586 0.739 0.315 0.713 0.913
s 2.8032.0 12,3 12,3 1.548 0.782 0.69i 0.870_ 0.371 0.667 0.895)

A.U reflﬂﬁﬂlﬁnﬂ 267.3 1z2.9 11.5 2.628 0.127 0.089 0.141 0.060
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