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SUMMARY

. Title

Development of potential candidates as antibiotics based on polar genetic resources

. Purpose and Necessity of R&D

. Needs to develop new antibiotics

Needs to develop next-generation antibiotics in response to the emergence of existing
antibiotics that threaten public health

Needs new anti-corrosion or new experimental methods that can overcome the limitations of
existing antibiotic development methods (researching only on cultivated antibacterial bacteria,

finding the same repeated)

. Developed countries are already supporting research to find new antibiotics strategically at

national level. In 2015, the U.S. was in the midst of the “10Xx20 Program® under President
Obama to develop 10 new antibiotics within 2020, while Europe conducted the EU-sponsored
“PharmaSea (2012.10.01.-2016.09.30) project to conduct the discovery of new antibiotics and
new drug candidates in the oceans, including Antarctica and the Arctic, investing more than

9.5 million euros for 13 countries.

. Brokerage research is needed for utilization of polar life resources with other researchers at

home and abroad
Joint academic, annual, and acid research in the field of antibiotic development using genetic

information of polar organisms

. Approximately 64% of the known natural antibiotics have been produced by the bacteria.

However, as the vicious circle continues to separate only the substances that have already
been identified during the search for new antibiotics, the economy and effectiveness of the
bacteria are falling dramatically, so the use of genetic information of new bacteria in the polar

and ocean is required to search for new antibiotics.

. Pre-emptive response to urgent national issues such as antibiotic-resistant bacteria is delayed

and the emergence of super bacteria resistant to all existing antibiotics increases the
possibility of national disaster (the establishment of new antibiotic R&D pipelines is delayed

and the outflow of intellectual property rights to foreign countries is expected).

Contents and scope of R&D



1. Screening of antibiotic strain enzymes based on polar genetic resources

- Screening of a strain enzyme based on information of the genes derived from polar life and
proteins.

- Match target enzyme-antibiotic series considering strain enzyme activity and antibiotic structure

- Antibiotics modified enzyme: A biological enzyme that changes the chemical structure of
antibiotics and affects their activity. Known things include Hydropsylase, Glycosyl Transferase,
Isomerase, Acyltransferase, methyltransferase, and Sulfotransferase.

2. Producing antibiotic modified enzyme protein

- Vector design for enhancing the expression of polar-derived enzyme protein

- the development of host for enhancing the productivity of enzyme protein and the production
of protein through it.

3. Fabrication of antimicrobial strain and verification of activity

- Producing and screening new active antibiotics using a strain enzyme derived from polar life

- Improving the productivity of highly active antibiotics by optimizing the process

4. Identify the working conditions of new antibiotics

- Improving activity and stability through structural analysis of modified enzymes and new active
antibiotics

5. Commercialization of antibiotic candidate materials

- Securing patent rights for optimized antibiotic candidate materials

- Technology transfer and industrialization progress

- Toxicity testing and clinical research of substances are carried out through technology transfer
of results to pharmaceutical companies or clinical agencies (CROs) that have many experience

developing antibiotics.

IV. R&D Result

1. Verifying the possibility of antibiotic deformation using substrate flexibility of cryogenic protein
derived from polar organisms

- Securing antibiotic modified enzyme genes from genetic information of various polar organisms

- Analyze the structure of six types of CYP enzymes and check the hydroxide reaction of
antibiotics

- Various types of CYP enzymes have hydroxyl reactivity in different parts of antibiotics

- Verification of the activity of removing certain acetyl group of antibiotics in the PbAcE enzyme

(Application for domestic patent)

2. Establishing a catalog by function of antibiotic strain enzymes

- Vector system for the expression of the re-combined antibiotic strain enzyme

_7_



Establishment of an electro-magnetic protein refining system (second year, introduction of
AVANT FPLC research equipment)

Using glycosyl transferase, hydroxylase, methyltransferase, sulfotransferase, Isomerase, and
Acyltransferase enzymes to find genes, re-combined protein mass production, biochemical
properties analysis, and tertiary structural analysis.

Once the catalog is completed for each function of low-temperature enzyme, it can be used
not only for antibiotic candidate materials, but also for strain making of useful substances that

cannot be chemically synthesized.

. New antibiotic strain development succeeded.

Development of a strain that combines sugar from Magnololol and Honokiol antibiotics

Produce six types of antibiotic strains of quinolone

Producing the Lafamycin antibiotic strain of the Macloide family in the process of an
anti-bacterial activity test

Produce six types of antibiotic strains of quinolone

. Establishing a research platform for developing new antibiotics

Establishing a cooperative system with Gaffibio, a raw material company of a pharmaceutical
company

Success in the production of strains of quinolon and steroid antibiotics seeking deformation in
Gaffibio

Joint study on the antimicrobial activity analysis of marine life origin natural products from
polar marine life with a research team from Chungnam National University’s Pharmacology
College

Joint research on antimicrobial activity analysis of antimicrobial materials developed with the
research team of Chung-Ang University’s Pharmacology College

Joint study on the structure of the strain of antibiotics developed with the research team of

the pharmaceutical engineering department of Sunmoon University

. Utilization Plan of R&D Results

. Added research on new antibiotics from polar biological resources

Verification of the need to derive a new antibiotic backbone from polar life

Culture of polar life and search for new antibiotic backbone from culture fluid

Genetic Analysis of Polar Barriers and Marine Microorganisms
Genetic analysis of polar microorganisms that produce new antibodies

Research on the gene for antibiotic biosynthesis pathways

_8_



. Added research on production of new antibiotics through the expression of heterogeneous
hosts

Inserting antibiotic biosynthesis genes into easy-to-expose residential areas to secure large
quantities of new antibiotic backbone.

Securing a large volume of antibiotic backbone through the collection of polar organisms is

limited

An Analysis of Recombined Antibiotics Strain Enzyme Mass Refining and Biochemical
Characteristics

Completing the catalog of antibiotic modified enzyme by function

Analysis on the biochemical properties and substrate characteristics of antibiotic strain

enzymes

. Fabrication of new antibiotic strain and verification of activity

Overcome antibiotic-resistant bacteria problems by developing new inhibitors for g -lactamise
targets

Establishing a mass production process for new antibacterial materials

Improving the productivity of highly active antibiotics by optimizing the process

To identify the working conditions of new antibiotics

Conduct safety tests after mass production of new anti-vaccine substance CDA methyl ester

Explore the possibility of transferring technology to the PbACE antibiotic strainer

. Continuing research on existing research results through R&D projects by the Ministry of
Maritime Affairs and Fisheries
Completing a catalog of antibiotic modified enzymes through the ministry’s R&D project based
on the results of major projects over the past two years
Optimization of new antibiotics (Magnololol and Honokiol antibiotics, Quinolone antibiotics,
Lafamycin antibiotic strainers of Maclride, Quinolone antibiotics, steroid antibiotics) is carried
out.
Establishing a mass production process for new antibacterial materials and securing intellectual
property rights through a new method of antibiotic production using the semi-conformity of
antibiotic strain enzymes
To identify the working conditions of new antibiotics
Safety assessment of new antibiotics is carried out.

Research on improving activity and stability using molecular modeling technology



. Utilizing research platforms related to the development of useful materials built through this
project

Continued joint research with research institutes, schools, and companies (pharmaceutical
company research institutes, two pharmacy colleges, and pharmaceutical engineering
departments) divided by stages of research on the development of useful materials

Various active and application points of developed useful materials are explored by the

university
Investigate and modify the initial substances to be developed in the pharmaceutical company’s

laboratory
Obtaining the useful substance strain enzyme and researching the biochemical properties and

making a strain system are carried out in the polar region.

_10_
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Cold-active enzymes can be used for enzymatic modification of
fine chemicals and medicines

Substrate binding site of PbACE
Various natural and xenobiotic substrates
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cephalosporin C

Broad substrate specificity
of PbAcE
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A& Ao o=

B) A AA TFudrgEel A AL wkEwlo]Al(vancomycin),  FEwFo]Al
(Daptomycin) 2 Aol &~ (Zyvox)7} F%. IMS Health BE.i1A o] wp=Z 3oz} 'z}o]
2(Zyvox)' 2] 2009 &L oF 1230009 ol &3
M OMA EMH AIE 9EF 2%(CAGR 2009~2017)2 =35 MZHet xo}

($mn) W Cephalosporins ~ Fluoroquinolones g Macrolides and similar = Others
1O o7s LI | b 13071
12,000 v 4516 4779 4,984 5,140 5176
10000 L (3580 (35.3%) (36.3%) (37.8%) (38.9%) (39.6%)
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H2 & e 7l=7Y s g

A1d FABE A2E 249 712 /FA8E ol8Y wEER

7y

L FBAA FF D AE71%

7b FAA S F R/

(1) B-lactams7|
slsh2%4 B-lactam ringS 71 FEZ dR= AR peniciliin?} Cephalosporin®] B-lactam] €]
7HE A1 A Aol 1 99 monobactam, carbapenem”| 5©] o 7] X &

(2) Aminoglycosides 7|
streptomycin, neomycin, gentamicin, amikacin % °©] W34 2l aminoglycosidesZl A A
A, 2T 9 poring Fake]l AlE WHE o] Fd ths 30S ribosomed] H] 7 A
o= Agtete] dwld S A

(3) Macrolides7
Macrolides¥ “ZAtt&t 1g](large ring)’gtE =02 50S ribosome¥ Zgsto] whalz
St S o Aste 1474, 15748, 16489 11y 7%2E o] i tHEA S macrolides?
A A 2 = erythromycin, azithromycin, clarithromycin 5°] <

(4) Tetracyclines |
P9 AR A, I1HS AT, F7)A T, rickettsiae, mycoplasma, ameobas
o] F7Fo WAyt 53 FHE RS 1. doxycycline, minocycline So] 7§%

(5) Glycopeptides Zl

GlycopeptidesZl A A= AXY ATAAS oA5te] 2gah= 73 A2 F2 1
FAdatel vt gk vy F& FHdgS zta gomn o7]d = vancomycinZt

teicoplanin®] >3+

(6) Quinolones |

Quinolones &A= A 3g&E ol DNA gyraseZ o Adte] DNAS EA = e s}
= WY AR adddd 53] gl dE dAg derys 24
nalidixic acid, oxolinic acid, cinoxacin %°] 7= A S

(7) 71 €}

o]2]o| == chloramphenicol, sulfa#] % trimethoprim, polymyxin, bacitracin, mupirocin,
fusidic acid, streptogramin 5 t&st A A 7F ks o] AFEE T QS
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DIFFERENT CLASSES OF ANTIBIOTICS - AN OVERVIEW

q‘(‘ ) COMMONLY ACT AS BACTERIOSTATIC AGENTS, RESTRICTING GROWTH & REPRODUCTION . COMMORNLY ACT AS BACTERICIDAL AGENTS, CAUSING BACTERIAL CELL DEATH

R-LACTAMS AMINOGLYCOSDES [0 o cLvcopePTIDES QUINOLONES

: M:rlwu wu ruunmanﬂ : : FAMILY COF OVER 20 ANTHIFOTICS : : : : COMMON mwr COF LAST RESORT : : RESISTANCE EVOLYES RARIDLY  POTENT ANTIIOTICS C .
& - USEDASDRUGS OF LASTHESCRT' .

b #3E W-
o

o

MODE OF ACTION

MODE OF ACTION

m STREPTOGRAMINS

CAN ALSO DEMDMNSTRATE : : WO GROUPS OF ANTIZIGTICS THA! : : INSTANCES OF RESSSTANCE RARE |
ANTIV] mM’.wln LTSVNFPG STICALLY o .

5 L . DECOMING LES! ULARDUETD [
-+ DEVRLOPMENT OFRESISTANCE  +
. |I:|- r TI. g o -
|
Pk

S o

FXAMPLES

MODE 0F ACTION MOGEOF ACTION

ie MODE OF ACTION

<E2> FAA AN ER7

. ZA8A 9 287

(1) AM=EH Fg oA
(7}) beta-lactam antibiotics (penicillin, cephalosporin, carbapenem, monobactam)
- AMlEY 715 A EAQ peptidoglycan @A o] wiXur Ao o] 3ti= transpeptidase
i v7tg A FRZAFTE o] F9] cross linking reactione & A
(1}) Glycopeptides (vancomycin, teicoplanin)
- stem peptide®] terminal D-alanine-D-alanine component®] ZA%3dle  subunits©]
peptidoglycan backbone®l] F7}5 = S oA

@) Az Tz 75 B
(7B polymyxin
- AE] Q= XAl Aol AT FAYL WANA AT S5S oA
agee] By 45978 fEAT
(1}) amphotericin B, fluconazole, itraconazole
- A Qi 2HEI BHAG o] Fo] MAPHA BRE WEL o] L& FEAY

=

(3) @A < Al
(7})  Aminoglycosides (gentamicin, kanamycin, tobramycin, streptomycin, neomycin,
netilmicin, amikacin)
- drg| gl o} ribosome 30S subunitsol] H] 7} A o2 Adtste] whulA kA Al 2RS x ok
(4}) Macrolides (erythromycin, clarithromycin, azithromycin)
- e gl o} ribosomed] 50S F-Ho] Eo]lH o7 Agtsle] WA chain elongation 2 A

!
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(t}) Lincosamide (clindamycin, lincomycin)
- macrolides®} 7+ZE tEX] % 50S ribosomeol] Zgste] ©A Al of A
(2}) Chloramphenicol
- vhe 2] o} ribosome?] 50Sel 7} A o2 A3tsto] peptide bond S <A
(v}) Tetracyclines (tetracycline, doxycycline, minocycline)
- dHg]o} 30S ribosomal subunits®} 7FEA o2 AgEle] aminoacyl tRNAZF mRNA-ribosome
complex$} ZA¥tst= AS oA
(H}) Mupirocin (pseudomonic acid)
- isoleucine tRNA synthetaseE 44 o2 9|3} isoleucine-charged tRNA2] A3
W AdS 244 A did S FA

(4) F8 HAE = A
(7} Sulfonamide
- 714 ¢] p-aminobenzoic acid (PABA)®} #AFeE -2 A &4-7]4 W3- A
A&k folic acid Al S A
(1}) trimethoprim
- folic acid®] pteridine moiety &} fFAFeH -2 2 dihydrofolate reductase®] competitive
inhibitor® #t-&3}e] folic acid A4S A

(5) DNAS} RNA Tx9F 7152 A
(7}) quinolones(norfloxacin, ciprofloxacin, ofloxacin, lomefloxacin)

- DNAZ?®] negative supercoiling®] #o]3}i= DNA gyrase®] subunits 52 3FUH(A

subunit)E A, DNA®S &A1&} & T A7

(1}) rifampin

- DNA-dependent RNA polymerase®] @3] A% 3] DNAC transcriptions & Al
(th) nitrofurantoin

- DNA strand& 4, 11422 33

Cell Wall Synthesis . Nucleic Acid Synthesis
Folate synthesis

Sulfonamides
Beta Lactams Trimethoprim
Penicillins -
Cephalosporins
Carbapenems
Monobactams

DNA Gyrase
Quinolones

RNA Polymerase
Rifampin

Vancomycin

Bacitracin
50S subunit
Macrolides
Clindamycin
Linezolid
Chloramphenicol
Cell Membrane 30S subunit Streptogramins
Polymyxins Tetracyclines

Aminoglycosides Protein Svnthesis

©2011 TheMedSchool.com

<a™3> A AR FF
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2. At FAA T2ZAHE
7. =
(1) =4F 245 Aok g4, Folo ~El 9] AloF FHEAA AWAERZE 20143 79 v
4 2=

FDA(A 352 F4)e] sol& ekar, 20151 d =W Alef 87 5l watilefe s nj=d
< A 20039 LG Iete] HAEHE o]F F WA

N

=3

[‘

Aok B4 (e g, BalerE), Aueiye
o dht A PAAZA BV BAY,
bl e AE

(2) =4F A Aok 7, 20159 =] 235
AREFZAN D-okstZEAY S A
A715e TP WAAAYALE T

. 29

1) A AA Aol dAA AlFe ¥bmnjo]lAl(vancomycin),  $EmRo] Al
(Daptomycin) % o] &~ (Zyvox)7}F 5. IMS Health B i1A]o] w2 3lo]z} 'z} o]
2(Zyvox)' 2] 2009 & oF 133000 Yol &3

2) (=) H ddgol YA FEEZ FEH O der A 2F (Daptomyecin,
Dalbavancin) FDA ¢!

(3) (A=, ANy, ZE dE) kst aqr d4A R 1S g sty
(Telavancin, Oritavancin, Ramoplanin, Efiprestin, Lyostaphin, WAP 829A2) A} 213

Ay

(4) EU7} F#3h= “PharmaSea (2012.10.0172016.09.30)" Z &2 A/ E = =7}
lgeld AMEe FYA B Ak FR FHE wFes Y ZRAE
24709 710 B AgrlRke] Frefshar olom, 4k 90 R o] e

(5) A77 A F9A FA= @
12000 S Eo] A FuE

24 29 93492

A1 1000017 e] =+ R S vA=s 23 8
0

Al = = S
A& x3sk fE&EH S Eystd e 40,00

6) A 2 Ak =S 93 FAA FAY dAEE BAS AAIS e =a A
(Laura E. Lallier et al. 2014, Nat. Prod. Rep), (Botana et al. 2014, Marine Drugs),
(Kennedy J, Flemer B, Jackson SA, Morrissey JP, O'Gara F, et al. 2015, PLoS
ONE)
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0|42 g2 2dx(a)

==3X|0] 4= T 24x(s)
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s/ A 8 %

o AN N,
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(7h FAARY & ol& waAd fd A vie Hore 197730 HlFelA A EF+
o]Folg ot HAZ ZHYSFELS 1080d ] FuFRE] AzHAI, AAH O
1990 kol B31&9 157F AAF Srkske] 1990 $4k o] $HE= 58S WS
g3 2AE U7 20129 % ol F FA3] AadseE FAE Hola U
() F71E ARee n57F F 8% UElY 7HE Be 55 EY d5E Ko, 1
SoRE AR(22%), FH(18%), 3=(12%)Y oz =9 A4S B9, wabA,
7% Eobdl A= W=o] V] ZES BEE oRE B F US
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(7) AA FABA A=A A%

(7h A= AA DA o FEAIR e 43%E AHA sk, A 2003 2007d 7HA] 9
AA FAA A RE ATt A«] q478s 715 vk AL, 200572008 e
of FAA Agel Agyt JFES -23%= FEIF A §E“Eﬂ, o= FAA ol
w5 A Ral vheket St AlFEo] Aulgel oa) weol TRy Wi

120 CAGR 2_005_,2003_

2

=2.3%

<AHE> H FAA AGTE D AT SIS
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Chart 1: Resistant Strains Spread Rapidly
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Brand Generic Compaies 5006 2007 5008
Cravit Levofloxacin Daiichi Sankyo, Santen 1002 1260 1903
Levaqguin, Floxin Levofloxacin Johnson&Johnson 1530 1640 1600
Zosym/Tazocin | - Peracilin+Taz Wyeth 880 1200
obaclam

Avelox, Avalox Moxifloxacin Bayer, Schering-Plough, Shionogi 822 962 1100
ZyVOX Linezolid PFizer 782 944 1100
Augmentin Co—amoxiclav GlaxoSmithKline 1055 1060 1080
Merrem Meropenem Astra Zeneca 900
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(1) v PA R

b & A AaES gdd el 28 7 oy AxHon d8EH= Y
FAA Adder, & AFedMs Ao AdtEo] &85 = (A dHERE
A=) =W A AR gt

O A Ao d5, B
U AR 123719 Ls &
20166 A AlA A A
20159 7]+ 1% 319l R oj=a Ut}

@ =l A A AEt AFE Bd AR

Aredel wel whAl7]zkel 2028 HE 2035 =] W] el A

<E 7> He| LWHU|7IE olgfAE L2 FYX

= A AETE (WoH)
2028 1,885,138
2029 1,939,807
2030 1,996,062
2031 2,053,948
2032 2,113,512
2033 2,174,804
2034 2,237,873
2035 2,302,772
A 16,703,916
(th AZe FAA AL g5te] Fshe PRRoZ 34 F8489 A% 3
D J1E BSTFEE WPstel ARe FABAS B PRe Aol dobgda 47
s odEel Hox Qi AN FA9 FEUES AT FPTAL Re
A5 Agoletn B 5 9
@ A% BAe FA AARANA AL BAL Fn, BA, ATBES 4 @
Q=T Adstm gov, A MYE, Bl 5 FA ARIA WA

1
https://www.khidi.or.kr/board/view?pageNum=1&rowCnt=10&no1=89&linkld=221423&menuld=MENUO01435&maxIndex

00002215489998&minIlndex=00001016639998&schType=0&schText=&boardStyle=&categoryld=&continent=&country

2) http://smroadmap.smtech.go.kr/0201/view/m_code/H10/idx/1465
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L2 DeMEel NeNS % T ~
rmo w 201472016 9,455 3,152
IR FERY JlEr ATFEE B T
IFAXE 71 - j f 2018 1,029 1,028.83
=22 =
=233 55 B3 Jng DEX RIlE i}
siete 2sln w8 Megs ggar | 2072009 900 300
2x Auwxgdel YSHOSS 2a
D80l MEREY EFRE prEd w2 | P .- 2000
IXME R FE UAM 2|0 7= 2016 1,199 1,199
14,583
() B AIe Aot b d B AT AAEe Amd QTS welsel, & Agle
AP 7I &S AR 23 103%YS & 7 A+
D W AT WEe BB A= Swol DA% 2ol 20164 AR ATAEEAY

(154530691 91) 3+ RIZH2 ok A7 /AL F2k o (539,524.791 91) wl&9) 3495 % &3
— 9} W7 AR = S ARAFIH] (14691 €9} B AL H] (1259 21) 9] Fho] 3.49E
3 9450 do g F=AEP S

<E 9> AMHTIiE FEZE

SAtdH|
= (s 2t21)
SAAFA A 14,583
ALY 12,500
FA BIZh Aol (14,583+12,500)3.49 = 94,519
ALY 70 = 12,500/(14,583+12,500+94,519) = 10.3%

(3) A77HE 7o &
(7h) TR Het7E 2 A8 oM = AT delHE A&t MEA A AN YolE
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35.4%5 AAIE o7t domn, KISTEP ole} AFA oA % 354% AH&S Wilst
3ol kB ATIAE ol & £43

@ &, "A4zr #3771 2EA G oM = AT 71oE& 40%E SRAE AAEA =T,

2 AT E B BHEAQl HEE fste 7S dAF AFAH & &85t

B A 3}

1 u

(4) 770 AFAEAE S E
(7h AT A T ES SAEF ATEEe] AR AeES £AMSE], FA5=
Aol A&t =l SA AT ARIEE ALElZE BA ol 83
O HA =l SAAT= 7I2dT THeRE dTEE
A7l e SAAT HEshds 28 AT T2
@ 71E A7 AHE Sste] A EES RSt
ol lom, 483 Jyte] 27
() A77E AldEd e ES AEs
& Ane 7 AA ATES 28
@O webd 2 Oﬂ?oﬂﬁb ATNE AASE T ES =7 7IE/IER&DE Ht A S
HEES TEs8o] 2282%9% AHA 5k =

o
4>
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ol
o @

o

(5) #7471
e APATEQ016)S) FE o] AN A EHAS
Akl 15,252,363 vk, F-7F7ER] 4 5,828 6089 vl

6) & A A=
(7h & Ak el #77EA FE dos AR Ayt ofdo 2=

- 0| 2} A| & AL AT | ArH S 27} ol
- T2 7l0ig 7loig MTE TIx 8 -

2028 1,885,138 10.3% 35.4% 22.8% 38.2% 5,977
2029 1,939,807 10.3% 35.4% 22.8% 38.2% 6,150
2030 1,996,062 10.3% 35.4% 22.8% 38.2% 6,329
2031 2,053,948 10.3% 35.4% 22.8% 38.2% 6,512
2032 2,113,512 10.3% 35.4% 22.8% 38.2% 6,701
2033 2,174,804 10.3% 35.4% 22.8% 38.2% 6,895
2034 2,237,873 10.3% 35.4% 22.8% 38.2% 7,095
2035 2,302,772 10.3% 35.4% 22.8% 38.2% 7,301

3) 2017 =AZAL (“19F 18497 A 5 270370 Al AF3F AE)
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<IE 11> Z2Hdd 2o Z3

18,8349 vkl

= 7oz ARl ERle 45%E
07+20%)°l W& 57FA Al L

B/C+ 273, IRR&

A e =

Sl A b &7 74| ool s Jhx| & 7 74
2020 2,500 2,388
2021 2,500 2,280
2022 2,500 2,177
2023 2,500 2,079
2024 2,500 1,986
2025
2026
2027
2028 5,977 3,949
2029 6,150 3,881
2030 6,329 3,814
2031 6,512 3,748
2032 6,701 3,683
2033 6,895 3,619
2034 7,095 3,556
2035 7,301 3,495
A 12,500 10,910 52,961 29,745
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<E 12> dHd &4 23 (B 54 -20%)

H| 8 ol
HE

s 7] A 7} A o I} & 74 A]
2020 2,500 2,388
2021 2,500 2,280
2022 2,500 2177
2023 2,500 2,079
2024 2,500 1,986
2025
2026
2027
2028 4,782 3,159
2029 4,920 3,105
2030 5,063 3,051
2031 5,210 2,998
2032 5,361 2,946
2033 5,516 2,895
2034 5,676 2,845
2035 5,841 2,796
A 12,500 10,910 42,369 23,796
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2020 2,500 2,388
2021 2,500 2,280
2022 2,500 2177
2023 2,500 2,079
2024 2,500 1,986
2025
2026
2027
2028 5,379 3,554
2029 5,535 3,493
2030 5,696 3,432
2031 5,861 3,373
2032 6,031 3,315
2033 6,206 3,257
2034 6,386 3,201
2035 6,571 3,145
A 12,500 10,910 47,665 26,770
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B A9 Hel FAHAE 10% S7HAA AAAE A4S 33 23 NPV+ 21,809
) 2 =
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/CE 3.00, IRRE 1252% = - Algo] AA Ao

<E 14> dHd &4 23 (B 54 +10%)

H| 2 ol

Az

Sl AT THA M IR = o s e P A IR
2020 2,500 2,388
2021 2,500 2,280
2022 2,500 2,177
2023 2,500 2,079
2024 2,500 1,986
2025
2026
2027
2028 6,575 4,344
2029 6,765 4,269
2030 6,961 4195
2031 7,163 4,122
2032 7,371 4,051
2033 7,585 3,981
2034 7,805 3912
2035 8,031 3,844
A 12,500 10,910 58,257 32,719
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<E 15> dHd &4 21 (B 54 +20%)

H| 8 ol
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ool © T} A 7} A ool = Jhx| & 74 A]
2020 2,500 2,388
2021 2,500 2,280
2022 2,500 2177
2023 2,500 2,079
2024 2,500 1,986
2025
2026
2027
2028 7172 4,739
2029 7,380 4,657
2030 7,594 4,576
2031 7,815 4,497
2032 8,041 4,419
2033 8,274 4,343
2034 8,514 4,268
2035 8,761 4,194
A 12,500 10,910 63,553 35,694
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- A L= A e [s) ] O 1.0 3 O =8 4|
A2d FAARBE AZF 249 718 FHEE o€ FEEHR
70
1. FRAABE F2 29714 J2E
s el IA E
FREHQ 2[AE
ZHEH F=a7|g F AL Clinical Trial 88 A%
'PFIZER INC. Antibiotics and Pfizer 421(raw data)
s antibiotics and beecham ;
GlaxoSmithKline antibiotics and GlaxoSmithKline 270(raw data)
BAYER AG Antibiotics and bayer 107(raw data)
SANOFI Antibiotics and sanofi 123(raw data)
=2 Ch=del(EZ 104)
1 N
2 MELINTA THERAPEUTICS INC
3 ACHAOGEN INC = Ad 7 o ME
4 | WOCKHARDT LIMITED > 25719 49
5 REMPEX PHARMACEUTICALS, INC.
W + MERCK SHARP & DOHME
« PFIZER INC.
7 ACTELION PHARMACEUTICALS LTD
8 | PFIZER INC.
9 CUBIST PHARMACEUTICALS, INC
10 | JANSSEN PHARMACEUTICA N.V.
2. Merk Aol FAA M ASFEA
- Merck Ate Hztojob, glut oloim £ Boldts CEE 3= Aot
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2019: New Drug Application (MDA} for
DIFICID® (fidaxomicin) for oral suspension:
Clostridium difficile infections (CDI) in children.

DIFICID@E 20118 FDA S2%F (Optimer
Pharmaceuticals Inc): Clostnidium difficile—
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Purification of Penicillin acylase Purification of YcbJ
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NCBI Reference Sequence: WP_003881640.11 (NCBI Reference Sequence: WP_003132309.11

Purification of Peniclllin acylase [NCBI Reference Purification of Aminoglycoside 2'-N-acetultransferase Purification of Aminoglycoside Phosphotransferase
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(3) T2 MRS B 5H 54 2A
(7}) PbACE fe] 7142% %9 54 ¥4, PhACEE the Fe4 A dvadsas
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PbACE (forest green)
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— S
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Comparison of different substrate entrance conformations

() FAEA HEo oja] Fak3t 715 BY 5 = CYP 8459 +%24 EA 714

2X|ME |2 Cytochrome P450 (CYP)
hydroxylase 2| = % SM 'Y

CYP10EPZ CYP1530M7 CYP106A2
Int, J, Mol, Sci, 2016, 17, 813 Int, J. Mol, Sci, 2018, 17, 2067 J, Microbiol, Biotechnol, (2017), 27(8), 1472-1482

CYP154C4 CYP10BAG
FEBS J, In revision ZEEUE
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(7h) A9F 053 (300 g)& WEHE (MeOH) 500 mlz A 2o 24A1 7+ 33]o] 2 A

Yiste] FEst9oH, 10 g9 FE4S 45
FE 592 T 05 LE A5 A7l F 4t (Hex), ololAlH o] E (EtOAc),
FE& (BuOH)E AR&ste] A4 ox2 FE3519a, o225 E Hex 9% (3g),
EtOAc #8% (25 g), BuOH 23 & (2 g), YA & #IE 25 g 747 dr

(th o] & 3% AES i3t dE EtOAc F=E (25 g)2 silica gel column
(230-400 mesh, 360 g), CHCl3-MeOH (99:1750:50)2] =o =2 ®#E AP3A, 5
Mel 8% (E1-E5ES FH. #8&E El (100 mg) CHClz-MeOH (100:0780:20)
S EAA Ag7tA A Z=EvtE 2HIH (CC; @ 3 cm; 230-400 mesh, 300 g)
o2 "HHE AAste] 5719 A& #8E (EIS] to EISHES &R, & #+8E&E EIS2 (10
mg)< semiprep. HPLC 71715 A}&3F¢] RP-18 column % MeOH-H-O (50:5070:100)
S 274 2 m/mine] F&Ho2 FHE AEste] 3¥E 1 (2 mg, & 65 min)¥
2 3 mg, z 70 min)E AAS

() E3 (150 mg) #3°S Sephadex LH-20 gel (200 g) Z#HW % H,O-MeOH
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AF8-3Fe] RP-18 column ¥ MeOH-HO (30:7070:100) &wix=71o =z F¥& Al%E3t]
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A 2738 E4 (30 mg)S silica gel column ¥} hexane-ethyl acetate (50:1 ~ 1:1) &
HE AbE3ste] A Ak the semiprep. HPLC 71715 AF&3te] RP-18 column %
MeOH-H-O (20:807100:0) &vjxz7o g2 H#YE ALdte] = 5 (2 mg, & 74 min)
o} 3}stE 7 (25 mg, & 76 min), 8 (25 mg, & 76 min)< ZHzF
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Extraction and isclation of Antarctic lichen (053)

Antarctic ichen (053, 300 g)

st by MeCn 1) S 300 ]
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| oot o 3 0
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| wee oo g
E1 100 mg) EX (1% mg) Ed [958 mgl ES
I;--wgl::
i) e
W T
£3.8 mg) et r
pice
i e [ -
A b e Ed [0 mg)
| | 1 L] Lt s,
E151 ;i =
E152 E1ss 314 mgl ——
WL 4105 mg]
J i curam i sl

B {05 mgh
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Chemical structures of 1 8 isolated from Antarctic lichen (053).
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PBACE 2| s-lactam antibiotics B3l &4 PbACE 2| A{X &g M &0l
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(A) A pH shift assay was performad to measure the hydrolytic i o e - -
activity of acetylated carbohydrate substrates. The hydrolytic Acety group 58
activities toward (B) lipics and (C) tertiary alcohol esters were PbACE was immobilized as cross-linked enzyme aggregates (CLEAs)

also examined under the indicated reaction times.
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Complete genome sequencing of Shigella sp. PAMC 28760: Identification of CAZyme genes and
analysis of their potential role in glycogen metabolism for cold survival adaptation
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Sfreptamyr:essp NP160O| CHTH &
MAX| 2 OHI}QE

0|70 M 49F0] BiE| 2|02 ~ATFE|YE > 1= 2
9| NP088, NP131, NP132, NP134 4! NPIEO §_-, 9l

Value
4774418 ——

Features

Genome size (bp)
- Contig 136
GC content (%) 5001
Coding region
rRNA genes 3
tRNA genes 44

89.1%

NP1602| antiSMASH £ 4
cluster 0] =

Draft genome analysis of antimicrobial Streptomyces isolated from Himalayan lichen

(W) ol5 E2FAAE 7SR clonings Sato] AE2F &4 4 F 84 HF
species Genome size No. gene transferase oxyganase CYP450
PAMC25564 4,170,970 3,968 223 259 5
PAMC28760 4,558,287 4,456 215 289 4
PAMC28499 4,880,615 4,679 154 246 8
PAMC26645 4,101,852 4,394 211 274 4
PAMC25046 3,568,862 4,152 241 241 5
PAMC22915 5,230,360 5,146 187 198 6
PAMC27889 3,361,909 3,985 195 240 8
PAMC20947 4,063,136 4,018 256 199 9
PAMC28707 4,231,322 4,321 241 235 4
PAMC28705 3,883,676 4,216 165 254 5
PAMC25021 4,727,871 4,460 195 241 6
PAMC22135 3,453,563 3,243 201 215 4
PAM(C22222 4,694,146 4,073 154 198 5
PAMC21344 4,862,862 4,367 198 187 7
PAMC25430 4,705,947 4,746 175 225 5
PAMC22241 4,078,928 3,537 225 234 8
PAMC28562 4,657,241 4,486 254 215 6
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Expression test of Antibiotics modification enzyme

Temperature-dependent expressiontest - 37 °C, 25°%C, 15%C
cell culture 100 mL (OD~0 6 @ 37 C, 0.5 mM IPTG) = 100 mL harvest (OD 1.4~2.0, 8000 rpm, 15 min, 4 ) = sonication 2/4 sec (on/off, 30%, total 5 min)
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(2) AAE HPEHe A A

(7}) Thin Layer Chromatography W= o] &3 dAEZ MP g4 o] 7]d 5o

Thin Layer Chromatography (1)

*TLC silica gel 60 RP-18
*Reverse Phase

*Visualization

(1) Non-destructive visualization
: UV 254nm wavelength

(2) Destructive visualization

: 20% H,S0, + 110°C heat

UV 254nm

H3505 + Heat

UV 254nm

*Mobile phase
-100mM monosodium phosphate
-75mM sodium acetate

-pH 4.6 adjusted by formic acid
-acetonitrile(®4: 6, v/v)

*Sample

-Protein: About 50uM

-Substrate : 4mM (CoA, DL-B-hydroxybutyryl CoA, Crotonoyl-CoA)
-Buffer : 50mM Sodium phesphate, 300mM NaCl

UV 254nm UV 254nm

H;S04 + Heat

CoA  HyECH CoA  HyECH DH HyECH BoECL  py HyECH BoECI Cro  HyECH Cra  HyECH Cro  BoEQl Cro  BoECl
+CoA +CoA +DH  +DH +DH  +DH +Cro +Cro +Cra +Cro
Thin Layer Chromatography (2)
*TLC silica gel 60 RP-18 *Mobile phase *Sample
*Reverse Phase -30% Methanol -Protein: About S0uM
*Visualization -Substrate : dmM (CoA, DL-B-hydroxybutyryl CoA, Crotonoyl-CoA)
(1) Non-destructive visualization -Buffer : 50mM Sodium phosphate, 300mM NaCl
: UV 254nm wavelength
(2) Destructive visualization
: 20% H,S0; + 110°C heat
UV 254nm H:50¢ + Heat
e} .
3 .
o '
i
i
M v s
CoA  HyECH CoA  HyECH DH HyECH BoECI  py HyECH BoEC Cro  HyECH Cro  HyECH Cro  BoECI Cro  BoEd
+CoA +CaA +DH  +DH +DH  +DH +Cra +Cro +Cra +Cro
Thin Layer Chromatography (3)
*TLC silica gel 60 RP-18 *Mobile phase *Sample

*Reverse Phase

*Visualization

(1) Non-destructive visualization
: UV 254nm wavelength

(2) Destructive visualization

: 20% H,S0, + 110°C heat

A HyECH BoECI
+A +A

-30% Methanol

UV 254nm

HyECH BoECI B
+B +B

HyECH BoECI |

+B

-Protein: About 50uM

-Substrate : 5SmM (Acetyl CoA, Butyryl CoA, Isobutyryl CoA, Malonyl CoA)
-Buffer : 50mM Sodium phosphate, 300mM NaCl

-37°C incubation for 3 hours

-« Ead

HyECH BokCl 1 HyECH BoECl  py  HyECH BoECl
+M +M

M HyECH BoECl
+B +1 + +1 +1 +M

+M
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Experimental design of AGA acetylation activity using TLC
Materials
Enzyme: AAC(2’), mutants
Acetyl-CoA
AGA (aminoglycoside antibiotics: ycin, sisomicin, ptomycin, ycin, amikacin, par ycin, icin, inA)
Mobile phase solution: 5% KH2P0O4
Staining solution: ninhydrin/acetone solution (5g/L)
Phosphate buffer (10mM, pH 7.0)

L

Methods
1 Experiment group Control group
AACE2) (174 mgiml)  ~30pg 2yl TDW. 2L
Acetyl CoA (100 mM) 4mM 2pL 24l
AGA (100 mM) imM  05pL 05uL 2 incubation for 16 h @ 37 C
phosphate buffer 455 pL 4550

total 50 L 50 L

Spotting : A20 pL aliquot of the incubated reaction mixtures is transferred to a silica gel 60 TLC plate.
Separation - 5% KH2P0O4 mobile phase solution

. Air-dried overnight
‘Staining : spraying with ninhydrin solution

. Incubation at 60 *C for 20 min

G W N

Results of AGA acetylation activity test using TLC

AGA

+
:
L
+
L
:
+
.

MsAAC(2') +

Water
control

(1}) StCYP154C4-13 StCYP154C4-29] 2~H|Zol= AlE 7] dd tigh SolA 149

Characterization of two steroid hydroxylases from different Streptomyces spp.
and their ligand-bound and -unbound crystal structures
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<2HE23> (A) AAE AFF SISFGH © & o] SDS-PAGE 23} (B) Analytical
ultracentrifugation (AUC) A& o & SfSFGH @ d-& g Ao A hHE dimer HElS 713

(C) SISFGH w¥ld A7 ARzl (D) SISFGH @il A& o] &3 X-A 34 on|#
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<a™E24> (A) AAE AZFT MsAAC14.8 ng) @2 o] SDS-PAGE Z 3 (B) Analytical
GAo| A thF-& dimer HEl = 7HH

(C) MSAAC @4 27 Azl (D) MsAAC @4 ZAA S o] &3 X-A 34 o]n X
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ultracentrifugation (AUC) 23 o2 MsAAC @92
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<a9H26> (A) AAE AZEF CYPI06A6 w9l 2 o] SDS-PAGE 23 (B) A3 CYP106A6
ol A o] gel-filtration A A 23 (C) CYP106A6 T+ d AZ ARxX

<aY27> (A) AAE AZEF StCYP154C4-1 w2 o] SDS-PAGE 23 (B) UV-visible
absorption spectroscopy of the dithionite-reduced CO-bound form of StCYP154C4-1 (C)
StCYP154C4-1 @A ZAAH S o] &3 X-A 34 Azl
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<2928> (A) AAE A2 StCYP154C4-2 vl o] SPS-PAGE A3} (B) UV-visible
absorption spectroscopy of the dithionite-reduced CO-bound form of StCYP154C4-2 (C)
StCYP154C4-2 @il d A S o] &3 X4 34 Akx

<29H29> (A) AAE A3 CYPI06A6 T d ] SDS-PAGE Z 3 (B) Al=% CYPL06A6
wul o] gel-filration 4 A A (C) CYPI0GAG w2 2% Al7)
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M StLac

A B
35 kDa>
24 kDa

(A) Purified StLac (30 mg/mL) was visualized using 12.5% SDS-PAGE.
(B) Crystals of StLac used for X-ray diffraction data collection.
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™
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(C) A representative X-ray diffraction pattern of the StLac crystal, with a maximum resolution limit of 1.88 A,
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(v}) Two bacterial enoyl-CoA isomerase (BoECI) and enoyl-CoA hydratase (HyECH)
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(4) FZH A9 FAELY] G453
- AT FAL IR = A AHRO|E AYe
43} modification 2& 3
A 1 5 10ug/disk
+: Nystatin 0.1 mg/ml
-: DMSO 50%
o/ml
20190614
— RS s
S i A
= Nystatin and compound resolved in 50% DMSO Ho Ao

4R)4-(3R 557 105,125 19R 1707 12 rycrony-10.13-
dimathye w;u Heyelopentalsiphanantiven-17-
ido

Gkl Fom: G i
Exact Mass: 4

Woloqiar Wakpe 40760
A0 (000%, 41831 GS0W), K031 27%)
mental Anaysis: C. 70.72: H, 10.14; N, 3.44;0, 15,70

* Candida albicans
. 25, 24 hr incubation
N and compound resolved in 50% DMSO
50% DMSO

= Antifungal activity7} 27

Q%)% dose dependent 47| LEER.

(5) At FABAe] FREA
CYP ¢} Glycosyl transferase

A, magnolal; B, rapamycin; C, baicalein; D, hesperidin; E,

CYP Ehg (=¢t3} Bh3)
» Standard * Product E

CYP105AS

CYP101D5

[

AT
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Molecular weight : 39056
1UPAC name : (4R)-4-((3R,55,105,13R,17R)-3-hydroxy-10,13-dimethyl-7-

* Candida albicans

* 25°C, 24 hr incubation

= Nystatin and compound remlved in 100% DMSO
 +: Nystatin 10 ug, -: 100% DI

%ﬂiﬁlxl f0p
diffusion test grglo= s 2,

* 50% DMSO0| 220| &
100% DMSOE Afg50] disk

= Antifungal activityZ} 100ug = Z 0| = 20X %L.

D Antifungal assay - 20190911
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2 UDCA sty st

+ Candida albicans
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(6) HAEEH 7w ol &8 HHo MIA A AlLF &Y
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neo o
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116

i W
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i Table 2. Average binding energy obtained using FDOCK in the
HE 1 1 Cell6-FDXs and FDX4-FDRs.
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