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SUMMARY

Development of novel antibiotics is urgently demanded to overcome multi—antibiotic
resistance pathogenic bacteria that included those with methiciline- and
vancomycin-resistance. However, the strategy using classical screening method is
not efficient enough to cope with rapidly evolving drug-resistant pathogens.
Combinatorial Dbiosynthetic technology emerges as the alternative strategy by
providing hybrid antibiotics whose structure are so complex that the chemical
synthesis is no more realistic tools. Combinatorial biosynthesis means engineering
cell to biosynthesize unnatural product by manipulating its biosynthetic genes.
Moreover, recent advances in genomics have provided a plenty of genetic
informations regarding to antibiotics biosynthesis and its regulations. These data
could be applied to enlarge the horizon of combinatorial biosynthesis and whereby
diversity of hybrid antibiotics, helping us to control deadly pathogens.

Arbekacin, the semi-synthetic aminoglycoside antibiotics, was active against
VRSA (Vancomycin resistance Staphylococcus aureus) and is structurally AHB(a
—hydroxy—-y—amino butyryl)-linked dibekacin. Arbekacin was prepared from kanamycin
B by chemical modifications that were inspired by naturally occurring aminoglycoside
antibiotics; 3',4'-deoxysugar from sagamicin and AHBA from butirosin. Hence
combinatorial biosynthesis could provide biological system to generate arbekacin
from kanamycin B by employing biosynthetic genes for gentamicin and butirosin.

We obtained the gene cluster for butirosin biosynthesis from Bacillus circulans
and from the cluster gene encoding AHB-carrier was identified. The AHB-carrier
was expressed in £ coli and obtained as the recombinant protein to guide AHB
transfer reaction. Eventually, we successfully convert in vitro dibekacin to arbecin by
cell-free conversion. Kanamycin biosynthetic gene clusters from Streptomyces
kanamyceticus and Sagamicin biosynthetic gene clusters from Micromonospora
sagamiensis were also obtained and analyzed to provided to genetic materials for
the advanced genetic engineering. Genetic manipulation of S. kanamyceticus is
kernel point to produce of arbekacin in the industrial kanamycin producer, so we
first demonstrated that this strain is transformable with the integration vector.

Generally, the engineered strain producing hybrid antibiotics showed severly
impaired productivity. One strategy is to provide self-resistance to toxicity of
unnatural antibiotics, For this, we prepare the strain highly resistant to arbekacin by
mutational approach. We identified S—adenosyl methionine synthetase (SAM-s) as
the general activator of antibiotic biosynthesis and demonstrated that SAM employed
novel mechanism to activate the secondary metabolism. We prepared expression
construct with AHB-carrier and SAM-s and used to generate the strain efficiently
biotransform dibekacin to arbekacin.



CONTENTS

Chapter 1. Introduction

Chapter 2. Domestic and foreign status of research and development

Chapter 3. Contents and results of research

1. Isolation of gene clusters for reconstitution and design of producer

microorgainsm.
2. Genemanipulatio system and detection system
3. Arbekacin production by genetic and metabolic engineering.

4. Exploration of regulatory gene

Chapter 4. Evaluation of performance and significance

Chapter 5. Application plan of results

Chapter 6. Science and Technology Information obtained in this work

Chapter 7. References

12
15
17

18

19

34

36



oiF

B ME

NI

M

A
=

=UW-2 Il
v
=214

M2 &

100

25

)
I

M1 Z

4

100
4o

8]

2

M2 #

A3 &

M1 & 01

wor

1l
Ly
IH

GL
Kir

ol

<l

00
il

O0H

Sagap\;

M2 &
A3 &

15
17

12 R&EX HEHE

& X

DlNE RE

Y

O
<

ok

oFJ

18

el E

SH 28T o

b

=]
=

A2 H

H 4 &

El
040
il

ol
]
Bl

ol

-1 H

).

H 5 &

19

X
ol

00
]

ol

Y,
KO
ur

34

36



O

22 02 SEMY 4HAM 4% 22 base pairlll Ol2= 8 SMEd MEd RO
EU0 1 JIs0| 5% S XHA SMSE WdZF Hed J&Es Ig &= UATE JIE
o EMEX FAXE BEG=E U SAXN 82 &8&dts A2 AIFREJCH

ololHelE SMEZR JYWIis2 MHAEOZ MAGX = ME2 L2 SHEd FES
SHZ ot MUY 200 ciEsl= IS AH JIES SMEHS 240 OE 2428 2
OIMLE HEOIH JIES M2 M2 40IL 388 Dt 2M28E2 WEES= A
OICt. OIE Sol gM2d 42 SotU Adls ¢ UWE KD st 2HE =021
ote HE Al DISO0IC) Bt DJ[ES] DEAQI EM(screening) 2RO 2lst & SEMEH
Of YAES FX E0IID U= AL UEZFS SHEEE MK Rot) Us &4 F
OICH MetM JIE2 DEAQ 20| Ol ME2 2ge MARSgMESE oY 2ol Z2as|
QAL E HEUAH ot0E2E SHEE Y JIes2 A7 £= JE X HE S22 )
2o HHSE2 HEBE = U= Uotez ®HAED UCH

Olet 22 |E 0|2¢ dlolBelc sde2d HYsg Sof & HRT0 HLSt2X ot
= FE a2 g2 X(sugar moiety) 28 AL =

0x oo nA

H US l et

OICt OIOI=Z2ct0I2A0IES M2 W &2 HSYR(spectrum) o 2et &4z H
O ZHES ISH=Z Zeal 018% 1D ULH p-lactam HE SHMSZHO| CHet LHE D X8
ZHE oflZ2 & = UAs HA2Z MAIZD U

A

['O

OlOI==ciOIZ A0S SMESEE 0lel 20l 322 aminocyclitolE JHXIH 1 =0
[+t streptidine, 2—-deoxystreptamine, actinamineE EZ&ot= M 1522 E5&H OIS
2t2+9| aminocyclitol R0 Ot E@3FXRIF 20 Us A0l LerEoIXet sz
aminocyclitoll AHBA(a—hydroxy—y—aminobutyryl) &J|E JtXl1l U= butirosine 22 &
UCH (& 1).

OI0I'==2Cc0IZAI0IEN EMESHUA YAZOZ Yol MEBEHD Us FRE s

HSQ! Isepamicint Amikacin(1-N-AHBA-kanamycin A)0| AS0 1996E W 19

=, 03, ZgA SXUA Vancomycin W4 VRSAOl EALZIHA L2828 42

Vancomycin W&Z=0 W& XIS HZ AIEE2] Al=&  Arbekacin(1-N-AHBA-3",4

dideoxykanamycin B)2 &2 % UCH

20 2bA Vancomycin LA 250 et XI&
CH

HZA 2250 AI&ESt Arbekacinit €él
Isepamicindt Amikacin0ll Oi8t &7 =80 sl
E

FEOJF SAHE 2EAIILL /UL

M (H 2), Amikacin2 934 0l RS THOHA O B30t 2T 01R2 XEHM=Z AL JtX
E Aot Amikacing o BN el HALodE2el A ZHlEY
A

<
{evolutionary arms race)' 2l 2

H
10
=2
[
rJ
i
2

Arbekacin2 H 20IAM2 Z0| THALHE =2 MRSAM CHEt XIEs 0t



JEXIDEXIO 22510

yE N2 ol

St A
oo

Xt Al CH

b BN
2 =88 Ot0l =220 Z AL E X

Vancomycin LA HIZO0l Cist

UCH.

¢t
=
Y

29| Arbekacinit

jus
i

2= OHENX XgH 2

X
—

<

~

2

Rr
ol

il

=
[

1 Ues dojEeE stMESE 2 Arbekacin 0fCt.

[ mang
B

ol0l==2ctol=a

H 1.

8]
- -
o
s |
o - c
Sl >eE
o= a..lm
eo| g
=3 ao%
o ¥aa £
ol cnw o £
Sc| G o > O
= c £ >
WEI >G50
La| 83 £ o £
-~ Om [72] m O
o E o - by
5> Eow® bt 134 Q
N =
=0| o¢ = o et
tb — L0 > a b
Cg| ®m®o s
< a0or @ w »
- o
T I
o~ (&) Z
= . o ! z
@] I HNC z
e} z o z
= z I 3 %
O o ) © o
> an T
—~ =
e T
£ S o
Ik I | Tz I
< z -z Z z
Q< OH Q Q o) T
I T I z
Z
I
®
<
= W
£
© o 2 o
— Q £ (=
o =
) & S 2
= & ® =
7 c Q
2 o3) = o
x T M e
@] wn
o T
.n_u —
N

o0

0

<

)
B

e

ol
He

Ju
&3

<

oll
Ir

i

~
MO

A
(=}

A

2= XD M= dgez

0k
Ky

=X
<

ol

I
=

!

A

=
HZstotH, 210A

oD

=]
ot

2o
= T

A4S0l HS&E Arbekacindt

OlCt. 010] IHMALSON ThSH oF

S x| 2

o
[am

Z ot

ol

Ul

tol=el

o}

53
<+
il
fir

ol
s}
il

o7
b0
ok
&

10l

Ny
wr

M0

ol
10
nr

i
ot



H 2. 'E589 HZ'0lctl 2cle= MRSAS SMEZ UAER s8YL
(20003, &= M4 IE)
Antibiotics Resistance {9%260 /?;/ol\ggggu;M;;g?g)m—Resistant
Arbekacin 2%
Isepamicin 94%
Amikacin 100%
Dibekacin 94%
Kanamycin 94%
Gentamicin 80%
Tobramycin 94%
Ofloxacin 96%
Temafloxacin 96%
Levofloxacin 96%
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Tetracycline 94%
Minocycline 94%
Fosfomycin 100%
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gt
Ch. XIZ27 X NCCLS(National Committee for Cinical and Laboratory Standards)2l 2120

=g

et eF 37742 @ F0F Ust WE £F2 2000 210 S UCH

0i= YAHE (CDC, USA)Sl 19923 ERAME Ol=2 WA a0 LA=S &1 5 &
MEE UHE L HEtd HNZoI Qs AF2H0| 18 38 38HY ol=Xtes 81001 ULH 2
2iLicte) 32 53 SMEE 28 2 Y20 Aol W4 HI80 =2 Hdez 2 o
1 AL EQ 2HE A2ASHH 2ot X ULLH

=SLHUHAE 19994 68 Z X9 VRSA 20| EQEOCZN =U-2f HES Hiast 2aZ -
HE  UCH  JdU HEE 2= 0RO HSMSE otoZ  Qlal  0{0l Penicillin

Streptomycin, Tetracycline S 22 =2 &M
A0l 22 2ATAI TR0, VRSA 2 =0l
0l 22totCt.

Oldst e 2 NEd ZH2 ol Z g HAHIOF HO RIS A
HALE Soll 20t I U S Mool s HERFO S8BT
Ol HioH XD U=s A4HOIH 1997¢ SoienceXlOiIAE HRAZI AFI @ WL UHAM
QIZ2H0| MAGI Yel UASE A28 KIHGHACE.

Oliet CHHiuie € Med HZ0l st I8 gerez JIE s L8 otoj=e
C gdsdli=l SENEEN 2s6to] HEAA HEd JIHS LGIHAMT 848 ACSE
ot= ol0lECIE SMEBE MEL0l & HPRZXO0l AMEStDAGs A2 SHOIH 2 ATt
E3X2Z A B AAE ASEHZ UHSHD Az SUSE WEMD € MEd
D0 st 2SH FEXE A 02 AMUEE E0l= & s S0HHE siAe=2
g2 = YS Aot



A2 & =Ue esjg2ss

H 1 &2 =22 d1e s&

O =20 = John Innes Center® Sanger Institutedt 2E2 2 Streptomyces coelicolor ©l

HdHl REAL ANMES 2o D (Bentley ef. al., 2002), 22 L& Kitasato HF2 A0
—ZEH Avermecting MAtole AHR T Skeptormnyces avermitilistll Uit SKEM &Il
S EEIHTHOmura et al., 2001).

Sl GOLDSH NCBINA Z4gle= X8 =91 Microbial genome project & JI1EQ YA Z0|
L HASHNA MUE S82 SHOZ & project®It BItotD UCH A &
avermectitisOl2N T  EMA  spiramycinidt  angucyclinell  StetHl  MaAtRFE
ambofaciens, 23 M nystatin M&ZF= S noursei, LR MMAFE S peucetiuset 2
2 YHT0IL 22 Me|EHSE MARFTZ2 240td UsE Myxococcus xanthuset &2

D120 st full genome sequence projectdt &L ) QUCEH

e
f

e

Ja
0z

0l

2 S0 M2 REMY =&0AN =8 22 base pairll 0I2= F& &M
AREH 1 IS0l &5 S XIHA 0ld8t M EEE 08810 stol=el
=S8 JIE SWUESE M ZF NS0 HXE Jiotn USH 0lHEt DI
ES I HY2 =2 polyketide HZ M peptide S§HSEMH &

(=) =
Ol= Ol= EH=Z M4 220 U 042 RN ¢ SNFTEA AR5 &Y
=] PN I

r
o
0

=

Jd 30 0 Mo 0%
[0 r o g ox

ZS Y05t AP Z = natural hybrid SMSE0 Metd HP0(CH Ol&M JHEFHo=2
0l 2tY polyketide synthase (PKS) Lt nonribosomal peptide synthetase (NRPS)J}
©Z hybrid & MM STXZY O0IS0| XNEsl=s Med H20 st AR0(CH IF
& HEHQ 0ot 0l=2 Ben Shen groupOl 2ol AJHE Bleomycin (18 2) HRZ
Bleomycin® &< L-serine, L-asparagine (X2), L-histidine0f NRPSO| ool Met&d= =
PKSIt #E0dl12 CiAl B-alaninet 208l L-cysteine0l NRPSOl 2ol BHE X = L-gulose
2t carbamoyl-D-mannosedt Z &6t MAHTIE AC2 UESQH 0lE2 MELRANE
90Kb EE2 HUE REXNZ2E NRPS-PKS-NRPSE & 4dl= genetic organization2 &
HF=ACH (Chem. Biol. 2000).

A REO S QU SHASA HART MHMEA =0 Thorson SO 2d A2 E Enediyne H

s =& Calcheamicin (Science, 2002) 0O tHst AL 01=29 Khosla SOl 2laf &3

=l Myxobacteria =l &2 Hl Epothilone 2§ o (Science, 2000)& OHE E0IEC}.

Hutchinson S2 &2 A Geldanamycin 28 M4 STNZ (FEMS Microbiol. Lett.

2003)1 1 S0 &3 A3 (Chem. Biol. 2004)2 £#3IAU=0 0l248 L& o=
I =

dsotl A= RS ¢ .

0

52 4y



i Poykant gt

Frioiatnarrad mannnse

Bugass
sur
30 29 2B bim}c;l blmX HadX IV bim"ll" ¥l
I N Y—_ N e, o
. Fily S o T o S >
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3kb

& 2. BleomycinS Matd )t MEtHE X2 genetic map
[Chem. & Biol. 2000, p624, pB26 &].

O HAIEES g2eu HArEA = = A CH
OiA ZEAIA MaeHE HRT AT HEXQ 2401 Khosla SO0 Slol =+
Erythromycin aglycone2l 4 LHOI Sl M AHOICE. Erythromycin PKSE 28l AlOll 1
KDall HO A2 0l0 siEote HM Mad |RAXNZE HWEZH =92 !
orLI2t MRHE FNE256te= propionyl-CoA carboxylase®?t Holo-ACP2l XE
SAO LEAH A3 4 UUC 0|2AE M2 AnsamycindE SHMESE M a0
T HZC/UCH (PNAS, 2003).

O 012 S0 AE Vancomycin® Y2 X(sugar moiety)2] ZSFE HEANAULZMH MZ2 Il
oz  Vancomycin WAZO S QU= glycopeptidel Mat IJbsHE0 =60
glycopeptide® anthracyclineH 0l d & XO0l&A(glycosyltransferase)0ll et A2 S
ol TBMAITIT UCTEH.

\J

e S Folgt AHEC (459

L

e
g
P

o

O slolE2E sMSASHE HLE < Jlgdel KOSAN Inc.
Chatian Khosla =2IA} S REIE polyketide MetA QTXE 0IE8 combinatorial synthesis
HHOF 2458 5t0|22|E polyketide A2 E WS £3MolD A2M, Hutchinson ZHAH
(o]

= polyketide &2A2Z!Q daunorubicin®lA X9 epimerization2 F &6t A SH Q!



Epirubicin  (4'-epidoxorubicin)E MY3IACH. teonard Katz PR IE0WMAME macrolide
polyketide i EMEHO! erythromycin FAIHNEZ REX 843 J|B(gene disruption)t
SEX X8 Jl¥(gene replacement)E 012810 L3220 11-dehydroxyerythromycin

S22 &2 o EBosSUACH
= peptideE M8A 5l activation domain2 ST 284310
B2 Soll X6t ME2 X9 510IBCIE peptide EMEZ JHE0l =22 Mohamed

A. Marahiel ZtAt HAE0 2ol &3HC=Z AL

OHOI=Z2CclOIZMOIE EMEEo F20= stol8ls Jl&es
oo

2at Ol= Ot 205X g2 AE0ICH .
A= 4 FO0ICH

CHEHQ &2 HIAZ A= S22 Pipersberg BHAF HTEOl Streptomycindt 2=22| Kyowa
Hakko Kogyo, Co. Ltd2| Fortimicin® &4 H20 e HARE Z2 4= UCH 2000E 0
2 =2 Sankyo co.2t Tokyo technelogy Int.0MlX& Bacillus circulans SANK72073 @22
Butirosin 84 REXNZCZ 2H AHBA &H0| SAXNE SEGUCID &HIF USL JIs
SA0 28 O 0l HihEs g2 AF0IH, =9 WellingtonS2 Micromonospora
echinospora2 28 gentamicin M&4 LRIANZE 22ioiYTl 28T (J. Antibioit.,
2003).

H 2 & 32U AN =8

ot0lEelE SMEX IHLHAIJUA SHU2EOILL OIDI=2210|2A0|EH SMEFE MaHM
FEXE 0|88t MAINLS =2 =20t OlLI2t 2U0IE OFR =J| X SHAHOICEH

22 SIIFMEISATRA =YL BAb S0l Geldanamycin®  MBARSFR (
carbamoyltransferaseS)& Jls #% M3RE £ 5L (J. Am. Chem. Soc. 2004).

O Aromatic polyketideHl S&M2S20 et A= 1996 HOl MIF DS HAA(E st=2MHDS
)2 LSHAY HRAS ZEARN A daunorubicin® 11-hydroxylase(anF) SEXRE
aclacinomycin 84330 £ 26t hydroxyllE OISt 0l JF QUCH,

OLOI'= 22012 AI0IEH SM2R M SILUH O dI2= z32 2 AQ[Y
Spectinomycin B Bluensomycin M4 SEX 22 & =240 EHOH A20 &S
wWEUAHME SEECZR Spectinomycin Metd SFPXANRS 221382UCH 2UMAS 00w
Sct0|ZA0IE REXAS & SN 24 L §A Jis 24|29 EXHOZ 00

FEXZ0 et H329

E2C0iIAN0IE HUSHED 22 30kb OlAC] SMIA MEM
=
=

Ol0l CHEE OlS0 &&l2 JIXA SAC



Al

Jt. AHBA EO0IR &8 X #2E <& Butirosin 4EHKSEXNZ &2 F =4

1)

A 3E op4sls 2 2

2 0d=s RN R WEHE SEt 4 dF =28 RN &#E

4

Arbekacin Vancomycin, Methicilline & OtLI2t T2 OO 22012 AH01EH EMHEE
ol WES 2= Mz 2S00 &AM 022 2-DOSS 189 Bt 00l S0l
AHBA &J1Jt ZX M=R0ICH. 0l AHBA &DJj= Butirosin 2ZUAS ZXSHI| HE01 Ol
ooE REXNFE 6] o0 Butirosin MAMRFQ Bacilus circulans 225 H
genomic DNAZE &Z2Iat0 genomic libraryE HMZGHACH. 2EE genomic libraryE R H
Butirosin ME&0 20l RFXZS SEoIJACH (A 3).

L[}

HindIII BamHI BamHI HindIIX Sall

birM  btrL btrd4 btrB  btrC btrD btrE btrF  btrG btrH birl btrd btrK btrO  btrP

btrA : No typical homology btrJ : biotin caboxylase

bitrB : glutamate-1-semialdehyde 2,1-aminom utase

btrC : 2-deoxy-scyllo-inosose synthase btrK : PLP-dependent decarboxylase
btrD : No typical homology btrL : No typical homology

btrE : Alcohol dehydrogenase btrM : Glycosyltransferase

btrF : putative dehydrogenase btrO : FMN-dependent monooxygenase
btrG : No typical homology btrP : No typical homology

btrH : No typical homology
btrl : Acyl carrier protein

A8 3. Bacillus circulans 22 H 2¢2l= Butirosin M8td ST

2)

& Butirosin 84T 2 3JIJt 20Kb FSO0I0H HIIMIEZMES Soll 1501 ORFIL &M
EOIOIRULE. 01 & AHBA BOISARE X bINE =HEHAULT

0o Lo

o]
o
=2
=
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Lt. Kanamycin B #&2 <8t Kanamycin MRS

—_

1) Kanamycin2 S. kanamyceticusOl A MM EIMH Kanamycin A, B, C2 MKl componet)
AN UL 0l = kanamycin AJt = MAZQ0l 2oz 2HN AN 2 HIAUNM =5H
CZ ol= Kanamycin BSl A2 BAIZ & U= MEH RTXNA0l EMSt=X =olst
11 ArEd)] #8hy S. kanamyceticus2|l genomic library2%E & 49%b0 €ol=
Kanamycin M8t QRAEXE HEAUTH (O 4).

2)  Kanamycin MSESEXIZOAE  kanamycin  self-resistancefll Z&&  6'-N

acetyltransferase @ ribosomal methylaseJt 2t2t AL /YD transporterdt &S0 2 Hol
0 Kanamycin2 BHENH AIE2ClE=E 2oz BtHECH 301XS XBKSFENT LA MAL

E XHol=l ZEE 4 USAO=2 GAEAC. MBESMXR2 = 2-deoxystreptamine
MEIHH 20ole SRIEXNE BF JIXD UJAD 209 glycosyltransferasell ZMHE & ol
AL

(oR EboaRGGR e Y AonYe cimrann:

12ZY XWVUTGIRQPONGRMLK JI HA2F345 R26B5BAB3R26E7 D8 CB2B19 A1

ORF 1 | Acyl-CoA dehydrogenase KanH | Putative maltose transport protein

ORFZ | Acyl dehydrogenase KanA2 | Putative mannitol dehydrogenase

ORF'Z | Citrate lyase KanF | StR [Transcriptional REGULATOR

ORFY | Coenzyme B12-dependent mutase ORF3 | Cinoefl2

ORFX | Crotonyl CoA reductase ORF4 | Gnorfl3

ORFW | Transcriptional repressor ORFS | Cinofl4

ORFV | 3-hydroxyacyl-CoA dehydrogenase KanR2 | Aminoglycoside 6-N-acetyltransferase [Reistance]
ORFU | Endomciease ORF6 | hypothetical protein; SCN 6

ORFT | GTPase KanBS | Transmembrane efftux pump

KanGl | Glycosyltransferase KanB4 | Sugar transporter [xylose or arahinose] -
KanR | 168 ribosomal RNA methylase KanB3 | Sugar or Antibiotics exporter

KanQ | NDP.sugar epimerase/dehydratase KanE | Sigma factor PP2C1ike phosphatase

Kan0O | Lghitamine:scyllo-inosose aminotransferase KanD | Ketosteroid isomerase homologous

KanN | BtD homologous ORF8 | NH3)-dependent NAD(+}synthetase

Kan(2 | Glycosyltransferase KanC | Omethyltransferase

KanM | NADxmyo-inositol 2-dehydrogenase or ketoreductase [Strl] KanB2 | ABC type Sugar transporter

Kanl, | 2-deoxy-scyllo-inosose synthase KanBl1 | ABC type Sugar transporter

KanK | L-ghitamine:scyllo-inosose aminotransferase ORF9 | Unknown protein

KanJ | Oxidoreductase & dehydrogenase farnily KanAl | Zahinding Alcohal or threonine dehydrogenase
Kanl | Ghatammte-1-semialdehyde aminotransferase

8 4. Streptormnyces kanamyceticus P RF2 £H 22|18 Kanamycin Metd SEXE
Kanamycin M&4d0l 2t0ole KRS AS = d ®&
TEREXE HIRE 44049 ORFI} &0l A



3) 2 HIAUAM ELQ8& Kanamycin BS MEHH 20dl=s RIVKNZ= kanflt HEE 210z
WAZALH O 0lK= Kanamycin® ZZXUHM Kanamycin A2 B= 25 glucoselil A B&
g P EOILE Kanamycin BE 28 A0 NH, group0l ZE&EH U= A0l glucosaminelil
A gdigte Heg L™ UL kanPIt LincomycinOlLt Mitomycin Metd SE A chod
d £FHAN &Yst 442 20/ 0l NDP-glucosamine? H- SOHMA FHeist 22
£ TCHE D] 2010 MetMd, 2 HARETE kanP RTPAUE targetS 2 SEHJE AlAED
gene inactivation method& 22310 0l RAX2 Jis2 200X atACH [H 2F. EFX]

aC

)

Jion

Ct. Dibekacin =38 98t Sagamicin M4 S & X2

1) Dibekacin Kanamycin BOIAl 3,4’ -&4A9 OH group0l HMIHE HEIZ Oleist A2 X
HOl ZMots SMEA sagamicinS 2l gentamicin 281 SMSENA ZHOt2 % UL
HRAREZ  Micromonospora sagamiensisE SE 3°,4'-& 42 OH group MHO 20iole &
S &Eol)| 2I6tH Sagamicin® MEd RFXNZS 22otU20H 0IE Dibekacing
MAO 2E28I 0K oIUCH 0I2 SASIH M. sagamiensis S genomic libraryS R =ot11 Ol
SZFH & 15kb2l Sagamicin MEHARANZS SIotR} 2B Gentamicin/Sagamicin LH
SR 2-D0S MEH0 20dt= 14742 ORFES =E5ICH (O 5).

0 M re

DD EDHDE

ORF1 ORF2  SagR1 SagA SagB SagC SagGTi! SagR2 SagD SagE SagF SagGT2 SagG SagH

ORF1 Tryptophanyl-tRNA synthetase
ORF2 Queuine/archaeosine tANA-ribosyltransferase
CH,NH, Sagf1 Resistance gene
€0 ) SagA Gluatamate-1-semialdehyde 2.1-aminomutase

SagB Hypothetical protein

NH, | HN
0 m/ NH, SagC Hypothetical protein
HO

o ! SagGT1t | Glycosyl transferase
B o CH, SagR2 Gentamicin resistance methyitransferase
HO
Ey H SagD L-glutamine:scyllo-inosose aminotransferase
Gentamicin C2b NHCH, Sagt 2-deoxy-scyllo—inosose synthase

SagF Hypothetical protein

8agGT2 | Glycosyl transferase

SagG Hypothetical protein

SagH L-glutamine:scyilo~inosose aminotransferase

8 5. Micromonospora sagamiensis2 28 =2l8t sagamicin Mt ST XT
Sagamicin JEAREXE H|IEst 13IHC ORFII QLU0 28 ORFo gars
HAlGHRLLE.

2) Sagamcin XA RTXIC sagR! TS0l EMdtE sagBet sagC KB XK= desosamine
9| 3'-dehydroxylation0il Z05t= oxidoreductaseS MR =2 AS4g2 2012 U
Dibekacin H&0 2R3 REXNICE MEILD JIs=24HE AAGHHLE.

Ol

_11_
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Jt. Streptomyces kanamyceticus % Micromonospora sagamiensistl CH st
gene manipulaton system AlAE 2=

1) H1E0A 228 KA B2 2U86t] ASHO=2 Arbekacing ZEot)| follA
= Kanamycin BE MMGt= S kanamyceticus Ol U8 gene manipulation system=
+=HOICH JtE ©X Thomson (1992)52 HHZ 08t protoplast MY S 0I25tH
plasmid S$ENBHHE AMESIASL ZFF2 THAO0l HFZAHOIX ot LHZ0NAM el
0% 10 A= conjugation RS 0l8ot2 X SHACH Conjugation J|EHE 42X
85t E coli & S. kanamyceticus MOI2 conjugantE 1X10%/u8 82 22 %= UJUC

(08 6).

2) Olgist MABIE 0|85 SEAS AIFIDX dt= DNAZS 220 T£6tD knock—outE
S&t 24 FEXNS JsEA L= 2ot A ol KNS &l ojgetD A ol O
Uia REGE &AM A3E kanrFe| 2N sagBet sacCl & IHOICH

0

18 6. Streptomyces kanamyceticus AR 0 A Kanamycin SAIHE &&56t0] /st
Gene Manipulation system.
Thomson ZHE HESOH KIS S. kanamyceticus &3 F2| ProtoplastE 0{E st
HHME AAHEZ BT UL Apramycin(E) 1t Thiosterptone (R) 5 JHXl
selection makerE & M&x LE0 0lotACH

3) M. sagamiensis O UHst SHAAMEE HLESH gene manipulation systemOfl (&t 2D= &

H A8 Ml YA S, kanamyceticus®t = ALE

conjugation HH M S /vidansg 0188t AREE F HXNE ZF AE5H0 dibekacin &
E( 2R RENIAS 2ot JissS 24610 % ot
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UHA OF= SMEE Arbekacin® AHBA &JIE JtX 1D ULH 0l= SAS HEH
MEE AmikacinflAd 1 E4X0IE 8 4 UCH =, Amikacin@ H2HQI kanamycin A
2 & diol 2ot 882 phosphotransferase (AP)LL acetyltransferase(AAC)S 2l 010}
Scl0IZA0IE SASAN Qo A0l LMEt= B Kanamycin A0 AHBADIDF T giel
amikacin2 &% 6'-AACE RHIQ5tll= A0l LMK s HOE LIEHL MM uss
=St MZ22 Mtz 2N ZACH & HRHAM UFROX ot Arbekacin® &
< Dibekacin0l AHBAJI =S JIEQ OO Sct0IZA0ISH SMHSAEQMNE
Vancomycindt Methicilline®ll WH&Q! 2F0HE 42 UEHHD QUCH S, Dibekacine &
Kanamycin BOIA 3',4° &42 OHUIA &tAD} Xﬂﬂ% SElZ2 M LRI S. tenebrariusOl
MAME = Tobramycin® 3'-AXIN ST &AJF HHE SMSX0| LALAEM Ol2ist &F
& FUZEZ2Z SMIt Y2 U= Pseudomonas SOl IF S48 00| =LA
Olgist A2 Kanamycin 0 A2 3° 0 4842 OH group APHS JIE2A WA S
HE 2 20| HE A2 ZAHAN 0/248 20| Dibekacin g2 HZEE 210ICH

Al

I

0 ox

2) 2 HIATOUAE Ol248 Bl =5t Kanamycindt Gentamcin®ll 25 24490 Bacillus
subtilis ATCC66332 1 Kanamycindt 20| AHBAJF SSIXl AHU OH JiIJF E2ME &
tlle W82 UEHUW= Pseudomonas aeruginosas ME8 ZMEF X0 TGE &
ESUHE Yol SIEJ6IACH (O 7).

& 7. Psudomonas aeruginosa2 O0|85610{ AHBAZID|DI £ & M2 HE
Bioassay system.
& &2 authentic Arbekacin standard (sigmaXZ)& paper discOll loadingdt® 28T 0l A
24AN12H BHLOIATH. sSE= BEASUOZREE [ 1 : 5004, 2 : 3004, 3 : 100 48,
4 :50mg, 5258, 6 : 518, 7 134 8: 11 ]
teH2eh) ol =222 H 82l sample® authentic Kanamycin AZ S2F loadingatOf
2 XA BB 240ICH AHBA RIIJF TUZIO{0O MH&0 A= HE o £
Ct.

]
rot

&3

ol

0 o
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=Y te OHOI=Z22AIZAM0IE (AG)H EMSES HA

= et O D82 FHNE = U= YHE &EoIRUCH. AG
MESHO AL NH: group2 21 A0 Amberlite IRC-501 22 anion exchange resinS
H" &&= NHS 812 RMXs £ ZHSD OAl CG-500/Lk Dowex HIES OIAIE ion
exchange resin® AME0IH &% 2 AG SMESEE B S8 £~ USS SOIGIRALE.

o O = —/ T MO =

ol

L2NU0ILt /n vitro B'E2NW S0 =M
e ot

0o Q!

S 0lE monitoring

H>

SHEE 2tHGIH AG EMESEO EME monitoring & 4 A= YHOZ L SN HS
st btoassay S MW TLCE 0186t Z0lotHl HEE = UAC. HHEMZ2AME=E
CH3Cl MeOH : NH,OH =2 : 1 : 18 J|E222 AZLIOITE 17%% 28%2 A, & I
£ MESIUCE XY KM= AHBAIL EatE AmikacinSel 221t 20(6t9 1D SX=
Sagamicins2l Zcl0l O0I3IAUCH L2 Nynhydrindt H,SO.E & 86t

MAst 288 oM HPLCE AI256ICH KanamycinHlE2l AG SMERE 2AM40= OPA
n Sagamucm =440

{O-phthaldehyde)E 0|&&t post column derivatization®8 & MQ ot
= OPAZt AlE B2

g
iﬁ

F 245t= pre—column derivatization =2

U
-

2} ZEO SMEA 4 SEHS TAMNON HHEEE SH5t0 oA BN 2asg 2
2 AL oA =506t0l LC/MS & NMRS 0|2F gstE0l S48 HIIE £ 92 HEO
NZE 2 £ AL FHEE T= QAL MXSII=2 0I26100 HEE 7 vitro &= in
vivoll 42 Kanamycin RALHI Sl MALEES monitoring ol S0l RESHH AIRE £ =2

AoZ BretelJlt.

_.14,.



H 3 &. DIME SEMY SR MEHE E8 Arbekacin Mot &

W

Jt. Arbekacin WA Z2F HIX

1)

£ &AE6t)| RolMdes 22
Ct. 221Ut ArbekacinOf &4
Jb Kanamycin AZE FHEZ

T
[
=X E
X

XNEHOE Arbekacin® Motol= S kanamyceticus Mita
Cte = S4&2Q Arbekacin®ll CHotO! WA S JEXID JUCOF
H = 240 e HHUDL 2 HAR2T0l ERst] Us 7
HHMMES NI M4ERF0I22 5 #FE O mutationstt] HEERFE S
Ch & H27280] 0101 25t Yes UGHUHSESRER nbrBE 8E0t= 201 O HHEAGEICHD
BHCHGHATH AP 20 28tH norB= AHBAZE Z oD Us oHetd sM2E Amikacinll
T W2 JIX2 JUD Dibekacindt S AHSH TobramycinOlE WA S 20101 THR0ICH (M=
& 2, J. Microbiol. Biotechnol., 1998).

A

SHQ mutation2 S8t Arbekacin, Dibekacin &9 &#BE HAMGH(
E3HHQ

A 2 Z8EES 2HFAUACH ArbekacinOfl CHEH LHA O] 10 wg/me
LIEFR 2L AmikacinOll CHHA = 4081 E0tE U TEES BHFAC. ol2ist B2
W0l & O SHE = ASS UHEUD JA2H MRS EINSHO =0t S5l S:6t

Arbekacin =< 10 0
Dibekacin =< 10 0
Amikacin => 200 5
Tobramycin =< 20 5
Gentamicin =< 20 5
Sagamicin =< 20 5
Kanamycin B >= 3,000 >= 1,000

ra

oqr

H 3. S kanamyceticus H10|F=9| OI0|=-2cI0ITA0IEH HLEZF9 WA B

Lt. Arbekacin®l /in vitro &=

1) 2 MR8l A0 #HA0| Z= AHBAS NIXHOZ I

3

Ol
ol

I = Butirosin®l it
Bacillus circulans®l REMZFE AHBA &0l REXE ofH OIE OI88 R &
AAEE ARSIALD Ol AMAES HSHREE &2 A9 IAESSHO Arbekacin ¥EZ &0l
otACH [ 8]l. /n Vio BtE22 S50 AHBA HOIGAE 0/25l1 dibekacin@ 2 £
Arbekacin0| HEEES EQIEOZ N &F Arbekacin RIS X Al £ AUS A2 A

Al o
o
e 44

Jual
OH

]

un
B
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