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g Al A
F75)
A+ 1
719 3}ska 12 EAF = 9-deoxo-31-O-demethyl-prolyl-FK506(9-9] 2 4-31-0-t W €l - £ -FK506), 3}7]
9] 3} 28 FAEHE 9-deoxo-36,37-dihydro-FK506(9-d]=4A-36,37-1] 3| =& -FK506), 3}7]9] 3}sh2] 302
EAH+= 31-0-demethyl-36,37-dihydro-FK506(31-0-t] W€ -36,37-C] 5| = 2-FK506), 3}7]19] 3} 42 FAH
+= 9-deoxo-31-0-demethyl-36,37-dihydro-FK506(9-d]% A-31-0-t] W €l -36,37-1] 3| = =-FK506), 3}7]9] 3}3+2]

52 HAHE 9-deoxo-FK520(9-H]$4-FK520), 3}7]1¢] 31324 602 HAIEE 31-0-demethyl-FK520(31-0-t] H]

g-FK520), &}71¢] 3}k 72 ®AIEE 9-deoxo-31-0O-demethyl-FK520(9-H| & 4 -31-0-t] Wl € -FK520), &}7]¢]

3}shd 82 FAHE 9-deoxo-FK523(9-t]=2-4-FK523), % 31719 318k 92 FA|FH+= 9-deoxo-31-0O-demethyl-

FK523(9-0%2:-31-0-TI W & -FK523) 2 o] o]z FozFE Aem= o 3he] 3gE, o9 ojAddA], T
=

ole] pA Yo eI sT A FANEOR TPss NAA AP oy Tx ARE ofshy TYE:
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A1k oA, A7) 9-deoxo-31-0-demethyl-prolyl-FK5060] A~E A Eulo] A Fhjupo] A E]FE 2 A fkbD-fkbM

(555 KCICI36IBP) S AATFE ol 3 wjFe Fol AxsE A4S 5H0R 3= 437 489 oy =
= AR oFH 2R

A1kl doyA, A7 9-deoxo-36,37-dihydro-FK5060] A~EHEnlo] |~ Fhvjulo] A E]F 2 A fkbD, tesD (578

[e]
M KCTC13580BP) & AAtd T2 o] &3 wjdS B AxSHE S EFo= st AAA dE o =& X
B8 oy A=,
AT 4

(555 KCICI3584BP) S AT FE ol 3 wjFe Fol AxsE A4S 5HOR 3= 437 489 oy =
= AR oFH 2R

AT 5

A18ke] glolA, A7) 9-deoxo-31-0O-demethyl-36,37-dihydro-FK5060] ~E#Eulo] A~ Fllruto] ME]F A~ A
fkbD-fkbM, tesD (S7EPH S KCTC13585BP) & AJAtF2 o] &3 WS T AZxHE e SHoZE 3 A

AT% 6

A1gel oA, 471 9-deoxo-FK5200]  AEFEwWOIAA FhuwlolME]F 2 AfkbD,tesB (FEHE
KCTC13579BP) T+ ~EZEnloj Al Fhuulo] M E]SE2 AfkbD, tcsD (FEFHE KCTC13580BP) S AAMHEFE o]&

Fue Fol AxTE A SO s A7 Ao dY mE ARg kb 2R

AT 7

A1gel  gdolA, A7) 31-0-demethyl-FK5200] AE#EnfolM2A FhtulolME]F 2~ AfkbM, tesB (FEMHE
KCTC13583BP) Hi= AE=EnlolA2 Fhubmlo] AlE]F 2 AfkbM, tesD (5FEFHE KCTC13584BP) & AAMAFE o] &

oGS S AxHe As SHoR o= AAA Ak o e RS ofdtH A=
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7% 8

A13ol] QolA, A7) 9-deoxo-31-O-demethyl-FK5200] AE#AEnto|l A2 Fhtulo] E]F A A fkbD-fkbM, tcsB
(783 KCTC13582BP) T AERERfo| A A Fhumbo] Ml E] 2 A fkbD-fkbM, tesD (SFEHE KCTC13585BP) =

AAgFE o] &3 Wds Tl AxHe s SHCR sk AGA ZEe dY e X858 ot A=

37E 9

A18ke]  gJolA, A7l 9-deoxo-FK523¢] AEZEulolAlA  Fhupmlol A E]FE A AfkbD,tcsB  (FEHE
KCTC13579BP) & A= o] &g vdS 3] AxHE S SEHSRE o= AAA AFe] o e =g
ket 2AE.

A3 10

A18el] Yol , 7] 9-deoxo-31-O-demethyl-FK5230] ~EzEnfo]l A2 Jhjufo] A€ 52 A fkbD-fkbM, tcsB
(8% KCTC13582BP) & Aibd=2 o] &3k vldS T AzxsHe e 5o 3 A3 2o o =
© XEE g5 A5,

A7 11

3719 3skal 12 FAF+= 9-deoxo-31-O-demethyl-prolyl-FK506, 3}719 3}dtAl 28 FA|HE 9-deoxo-

36,37-dihydro-FK506, 3}7]1¢] 3}e+2] 3082 FA|E+= 31-0-demethyl-36,37-dihydro-FK506, 3}7]2] 3}sh2] 4=

EA 5= 9-deoxo-31-0-demethyl-36,37-dihydro-FK506, 3&}7]1¢] 3}etA 52 FEAHE 9-deoxo-FK520, 31719 3}

g2 602 EA|E = 31-O-demethyl-FK520, s}7]19] 38h2] 72 HAIEE 9-deoxo-31-O-demethyl-FK520, 3}7]€]
=

3}sk2l 8& FEA|EE 9-deoxo-FK523, ¥ 317]¢] 33hAl 92 FAEHE 9-deoxo-31-O-demethyl-FK523=2 o] Fo] %l
TORHE MER = ol sl FgHE | o] o] EA, T o9 ofAstK o w F LT 4 fFaidEo
2 ¥3stE AAA Ao o e X858 oy 2AFES AES A A A FostE HAE XS}

A& BHo s, AAA AT oy Er Am W
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[0001]

[0003]
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A3 12

ALl JoiA, A7l AAA A B 207 A3 (Neurodegenerative disease), 'GEA77 ol

= T
(Peripheral nerve injury), €A% <&Ar (Traumatic brain injury), 2% (Cerebral infarction)?l A

ERoR sle, AAA H3he] o == X85 .

ygol g

7l & & of

2oy AAA 2 4 e XAR58 IFH AHEY T8 AReE d8o] e A FFE 9-
deoxo-31-O-demethyl-prolyl-FK506(9-8]34-31-0-t] W €l -3 Z2-FK506), 9-deox0-36,37-dihydro-FK506(9-d]=

22-36,37-H 3| =2 -FK506), 31-O-demethyl-36,37-dihydro-FK506(31-0-t] | € -36,37-1] 3| =2 -FK506), 9-deoxo-
31-0-demethy1-36,37-dihydro-FK506 (9- 6| & 4-31-0-t W & -36,37-U] 3] =2 -FK506),  9-deoxo-FK520(9-H 54~
FK520), 31-0-demethy1-FK520(31-0-t] W & -FK520) 9-deoxo-31-0-demethy1-FK520(9- 8] & 4-31-0-t] W & -
FK520), & 9-deoxo-FK523(9-H|$4-FK523), 9-deoxo-31-0-demethyl1-FK523(9-H|$4-31-0-t] W & -FK523) 2]
Az R Bgel BE A0R, TAGoRE P/ AT FFBe| Az, R ) AF HFEL FRYLOR
E3hEl= Al

I
NAA Aghe] o = A58 oty el wd Aot
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[0004]

[0005]

[0007]

[0009]

[0011]

[0013]

[0015]
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AR YehtsE ®HaAd 27423 (Neurodegenerative disease), @xA174 ol (Peripheral nerve injury), €%

&% (Traumatic brain injury)® HE#HFel= Uehvte HES (Cerebral infarction) o] Avk. 5
ANAAL AAEGe & veEhde HaA HASe X, gey, d9Ey, IAFA S Fas
(Amyotrophic lateral sclerosis)o] tisEAolel & &= v}, HPA ANGHS Folr= &I d=dtolH
ol dif-is A, A"WER A ZAF5H SAAsSS B AF7E vaE] Aok, DA oY
7HA Aol o8 wxAAA 4o M EEY, 9919 60%s D oF FHFolil d& A =3I
93t 318te " (Chemotherapy) o TEAZZ] A3 A= H9x T A AL WEALIL G
59 Yo m Qs HEHo] &S Y ALE, AMTEATL @Wol WAE L AAA Fofrt w2 HFtolzt &

ﬂ
o 2

<]
ATt

:]:

AAl, olF AAEY A3Ed dste] &4 NS IFA7|AL ABAELE QA= 5o 28 A5t A
AlE A Fetal 5 ghshu ofs) kst & EAHo® g Anvh dstelAa vk, ol AAEES AAATE
2E o] AAEd A8 A5d AMEE 5o AAEAAN 2 35 a9E AFE e odEo] fl] Wi
ojtt. AAE el ok Aoyt WG A= ALS] W TP JEe] A AFHES WA FHa, o= g A
A4 &4 9 ko] H o3l 58 T ul, AAEA B gge e U £ HE aHoR @
£ F de AAANe] anE AFH F 5 e =2 ol HAsig & 4 gl

TS, S NES] A10-2005-00714915 (o] WA HAe] XNEE 9T WE-FgAe} e eaEe T
2 A £5)E 34 B Y AAS AR Ex dwshy] 98 A4, BE4 EE Eabdos ARSE)
7] gk ofoke] AxE g FK506 FEA R B2-ZEAY Alatd &EE JHAISHAL glon, FK506 fEA,
FK520 %A H& FK523 A& A3 A A3s A=mske o 483 AlEe vk

w59 1§
EE R

olell, ¥ WHAES thdke =S g AN NAEA A3 o e A58 Y 2dEY Fo dEe=
8ol 73k A9t 3¥E9-deoxo-31-0-demethyl-prolyl-FK506, 9-deoxo-36,37-dihydro-FK506, 31-0-
demethy1-36,37-dihydro-FK506, 9-deoxo-31-0O-demethyl-36,37-dihydro-FK506, 9-deoxo-FK520, 31-O-demethyl-
FK520, 9-deoxo—-31-0O-demethyl-FK520, 9-deoxo-FK523, 2 9-deoxo-31-0O-demethyl-FK523 (°]3} '9F A4 33+

=
B2 B39 WAL 4Y 22 ZnE 3skn, olFe AxFAL ALstn, o uebt o5 FaANE
o e NAA AR AP e ATE A 2YES AWSE, o 2T A/ AR Y m:
Ang N 2YERA BAHOE BEY F UeT FAFORM B 13 ST

®oage BAe 0% AT 3FE F A9E sht o3 RAMROE TFHE AR 4B A w4
2 ofela 2ABS AT Alolth oA AAA Ao dY wi ARG ok 2YBL APA AW
of e i Amg oS 2AE wE A4 A4 578 2YES v

®oage E gE 2AL 0% AT BFE ol4AA Tt FAFACE g s A F A9d sht o
g FEAROR TPHE A/ AV AP Er ARG Y 2RSS ATHE Relth. or)A 4] o
ox wAme A7 AN 2§ 24RR B89 & Aok
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[0017]

[0019]

[0020]

[0021]

[0023]

[0024]

[0025]

[0026]
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2 iy B 02 582 9% Ayt dFE9 AETH AxTAH olfE F v AL 75U 2EFEn}o]
A2~ Fhgmlol AEl S A fkbD-fkbM (=B S KCTC13581BP), ~E R Enfo] A2 7}»}13}0]%%]1:4#* A fkbD, tcsD

(FEPH S KCTC13580BP), ~EFEnto| A2~ Fhjulo] AE]F 2~ A fkbM, tesD (F7EH S KCTC13584BP), ~EFIEn}
ol M2 Fhubol ME]F 2 AfkbD-fkbM, tesD (5EFH S KCTC13585BP), AEREmnlolAl2 FhumbolAE]lF 2 A
fkbD, tcsB (S KCTC13579BP), AE#Ewjo]lA|X Fhmlol MEIFEA A fkbM, tesB (58S KCTC13583BP),
2 ~EEvto] A Fhulo] ME]F A A fkbD-fkbM, tesB (SFEPHE KCTC13582BP) 2 A 3-8k Aoltt.

79 HE e

olgtoll M=, & WHe S Al AW,

B, Bl ANEE Azt 4y @ AAFHE F7e e 49 % A4 geelw 489 5 ot 3,
Belolq ANE e aiBe] RE xio] ¥ el WFel 3T Ed, a7] J1&uE TAH Az
o] ¥ we] WFAL A@ATn & 5 vt

ER, ga AERoks] Bge A4S Jbd A B QY Agste]l B F /AR B 3yl 53
Feloll F kel SRS AXSAYG HAF & vk EF, oleld FrhEe B wwe XgTe Ao
ol Hr}.

4719 e 3 R 9F AT BFE ARFY, AT

719 HA4S @Ay A e SEIEA, B Iy 9F At sigtE, s [SEh 112 BAEE 9-
deoxo-31-0-demethyl-prolyl-FK506, 3}7] [3}sh2] 2]2 F A= 9-deoxo-36,37-dihydro-FK506, &}7] [3}&H4]
3] 2 FAE+E 31-0O-demethyl-36,37-dihydro-FK506, 3}7] [3}8H2] 4]2 FEAF+= 9-deoxo-31-0O-demethyl-
36,37-dihydro-FK506, 3a}7] [3}8h2] 512 HAJE = 9-deoxo-FK520, 3d}7] [8}EH] 6]o= HEAIHE 31-0-
demethyl1-FK520, 3}7] [3}&H] 712 FEA|FE 9-deoxo-31-0O-demethyl-FK520, 3}7] [3}sh4] 8]2 EAIH = 9-
deoxo-FK523, &}7] [3}sh2] 912 FEAF = 9-deoxo-31-O-demethyl-FK523, 19 o] 2 A mx okAjgrx oz 3
&7bsd 9 ATTt.

=
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[0027]

[0028]
[0029]

[0030]
[0031]

[0032]
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[0033]

[0034]
[0035]

[0038]

[3}&4] 5]
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[0039]

[0040]
[0041]

[0042]

[0044]

[0045]

[0046]

[0048]

[0049]

[0050]
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2 oatdox] AFEE 8o] ) "FK506, B} Z]F-A(tacrolimus) HEE FA|ulol Al (fujimycin)"L Thekslt ~EHAE
nlo]A| 2~ Al A] 2 (Streptomyces tsukubaensis)@ HE HEE Eod WIdgAEAH S 2=
(23-membered) ZZAE =(polyketide) WA= =0t} HIAAZ LS Alo|ER2ATHRTE 7}3
2A B3] e o)A W ARNES AAATIY] A8 Abgste AR dEA . A <
PKS/NRPS(polyketide synthase/nonribosomal peptide synthetase) &3} A|~®lo] o) stAd=E 4= o), B
Wge] K506 FrEAE SERERIAs o AR FHA AES B Azd AFd #FE £
Aare SRHEd = Q.

Bodgo A AREE 8o "FK520 B ol Fmnbo]Al(ascomycin) " Al WY
He dazes Fxo gEo]™, FK5069] €21 #1x]9] old AR ot}

B oA AL8E &0, "FK523": FK5069] (21 91219 wWE fAFA o).

AAAZA], 23709 ez A

FAAT HEHE gor} FURAL W HPES AR vsu], g Hof P2 o|gAA, J13} o4
QA Y o YAA (A% oA, A oIAA, R AA YAAE TIF F Ao}

cfAlgtH o ® 587 s A2 EApolAl WlwA HEAolal Feld fFaAES e FEEA, o e A%
Habgo] BA SFES] o]2E ATS ASAIIA = Ao BE f7] ke 7] BUdE v 5 gl
& Eo] 7] de ¥ o &8Ibsd frElat (Free acid)oll 93] F4¥ A AL 5 vk, 2HR7H
< T Y, dE 5o dEES FF] A FEAd &AL, o] A& FESE 771 &0, dE &
Hehe, oge, oplE Ex oMMEYELS ARSste] HAAAM Az = du. & £ ddE % =T
of AF EE dFE (d, SEF RevdolH2)S 7FEstaL, o]olA ”7] THES TEAA AxAIAY,
= AEE 9 A AINA Axd AL Ao od, fEiteEs frld FUbE AREE ¢ gl
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5

A

A

=

=

H
o]
=
- o}
=
4 A}

.

el
=)

[}

AsH o 58

T2kE (Pro-drug)
71 el WIAIA A

<
=

bl AL

°©

B2 A zE A o

A A 2 Az

=R

=1

Eias!

[<)

1
2

kel

ST
X

Aol 2A

fupel
EEICEINEIES
FIIR

°

TC
KeN
=

an
=
=

[0051]
[0052]

%]

oA A

HO
=yl

=l

e

[0053]

A4t
okl

A e
=
=T
12

A

<
0.05 mg/kg

-
i

.

2ol
T

&
=

3Z

=
R
p

1

o
o

TC

s

o] d&
Jde&golE (Ethyl

JHo=

A

18] WA E = ol

(Poloxamer ),

g0 5§

AU

1A
S

°
of

} (Erythorobic acid),

il

ok
|
(Captex),

A

I

il
qem, T

al
E5 0]
| ol

]
Zn

dze, ETAFE (Transcutol),

1

zhe) 2
]
A=
T

T Aot
+od

6é]_
°
o, gukgo® 0.001 WA 1000 mg/kge] ¥, n}

X 2A <}

IR
vgl= (Myrj),

=

b4 oot 19

yal

=

g

Al

o

514
ZH
=i

0.1 WA 100 mg/kg?]

A

.

i

Bl
v 288 (Miglyol),
J= 24 (0il); %, dzgix

A o

(Tween),

& wdom Wit

H

°

5‘-:-\__
H] A
[e)

A A 7L A5
8] ol A

E

A

™~
Ed
54
0.001 mg/kg W= 1000 mg/kg¥

€]

j=5
X
°

L

L

o
p
L

<23
1=
ABA| 2 o

471
(Surfactant);
=

g

H

a4
o]
3

a5
=
7H

EgolME  (Triacetin)

(Cremophor ) ,

o
o Fol g

Y= 200 mg/kg, 0.1 mg/kg WA 100 mg/kg, 0.1 mg/kg WA 20 mg/kg & 5 o1} o]o] |

01
of wel o
we)

ST
X

3

o

°
i

EA4E A
IR
%

(Pluronic), FEZ (Lutrol), YPEZ (Imwitor), 2% (Span), @B+ (Labrafil)

&

0.05 W= 200 mg/kg, Rt} vpzHA
bt
T

°

A

.

SH

AL A AHgEE o

(Polyethylene glycol),
(Citric acid)

surfactant);
Zo] upghA

AA,
2}k &)
=N |

[0054]
[0059]
[0060]

I

"
N
e
3
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ol

=

=

H

)
=)

[0063]

3 W

w & R T R R
3 2se Devaril %

i L BEe o S .gmgm  ® = B o x

R 5o e e g S L O 5 Kl e o - _

m 9 R = X T == R D o o & l o Ll s :
o c W Loaoy,A_.tnﬂ o = =0 il > A drdﬂ

W= o E o 805 Py 5o s B T — ™ X ) g 23 O

B 63 - Mno = o o = @ o S g o -~ s 2 X = ol o ™ i < 5 e o %

L g B S ],‘mom%_%o(ﬁ_b K S = n n o £ £ | do

o do M — = N O " — <A ol A Jo 1K = 2! = L 32 e ale)
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w3, A7 AxzEAdAE wigEEel plE 6.5-9 Atol®m fAsh=dl, uiEAsHAE wiYg pHE 7-8%

g, A7) AZF A= v A &AL
FEs 10092 s W MY TR AFEA &&
Hal7] Yaire Ao Z 800-1,500 rpm FFOE Wk FE Ao] uiEA st

A7) AT g NEAZFEHY] AE 9 24t e FE2& 1A FEF4, 23 FEF R 3
2 % 38 HAAE Sote] gdEHed, 4y 01]’\1—‘5 12 FETHoE {F7180 FEHE AFEsked, o
o AP Qe EulEE odoHolE, RS, olAE Fol A& F dou, cdEoAHolE EE HE
29] x}-go] utEA st 1@ 24 FEITAHORE 1317}7" A2vtEgd] (Silica gel chromatography)S Ab
{3l=d], oju AFEE 4 9l SR WEke (Methanol), WE#A S Zelo]= (Methylene chloride)”} BFEHZ]
st 28jal 33 FEIAHLE AZvETHRAE AMESteEd], ojuf AR  dE &ulEE ofNEUEY, o}
AEAGE S HH, ofEAR, /ual 5ol A& F o, ofAEYEZS] A}go] uighAait). o]z gh Wi e
g 9% At FFE] FFE &olstA s, E3 &% FA i Fr.

B719] HAS GAs] f3 E OE e JEEA, 2w 9% A sEE Axd ol8dE F U=
ATl ~E R Eulol A2 Fhumlo] AE]F A A fkbD-fkbM (SFEPH S KCTC13581BP), ~EREnRfo|AlA Fhumt
Ol ME]F 2~ AfkbD,tesD (FEFHSE KCIC13580BP), Z~E#Eulo|Al2 Fhibulo] AE]F 2~ AfkbM, tesD (FEHSE
KCTC13584BP), ~E=#Emnlol A2 Fhpwlo] AE]F 2 A fkbD-fkbM, tesD (SEFH S KCTC13585BP), ~E #Enlo] Al
2 Fhgmpol MBI S A AfkbD,tesB (S KCTC13579BP), AEEwlolAl A JFhubwlo]lAlE]F 2 A fkbM, tesB
(¥ 3% KCTC13583BP), ¥ AEEnlo]Ax Fhjulo] lE|F 2 A fkbD-fkbM, tesB (FEPAE KCTC13582BP) S

wgol a3

By WE 9% A 9E F AgE sh o)y FEYROR Tt QA ABe oY wt Am
& ofsrd HBS AU FE ol YUW APA ABe] Amo| EFHow B8 & . JF FE
Agol wlaste] mY} SRAQ AR EHE UG 5 o

1€ 9-deoxo-31-O-demethyl-prolyl-FK506¢] 3+ nAdsAxasvtE ey 24 Aijo|},

= 2= 9-deoxo-31-O-demethyl-prolyl-FK5060] tat slz17]&™ 54 (H-NR) Z7o]t}
= 3& 9-deoxo-31-O-demethyl-prolyl-FK5060] that az7]gm 24 (“C-NWR) ZA3polct.
% 4+ 9-deoxo-31-O-demethyl-prolyl-FK506¢] th3t & z}7]g A1 (COSY-NMR) 4 }o]t}.
% 5+ 9-deoxo-31-O-demethyl-prolyl-FK506¢] th3t & z}7]-g A1 (HSQC-NMR) 4 }o]t}.

H
(@]
flo

>

9-deoxo-31-0-demethyl-prolyl-FK506¢9] 3t Hx}7]-& v 1 (HMBC-NMR) Z 3}o]t}.

Hm
4

ki
-
o

9-deox0-36,37-dihydro-FK506°] w3t A sAA I =ZrnE 1ejn] A Ao},

9-deoxo-36, 37-dihydro-FK5060 that lx715w 24 (H-NWR) ZApolc},

ol
(0¢]
rlo

9-deoxo-36, 37-dihydro-FK506] that l=}7]a 24 (C-NMR) Z¥}o|t},

H
©
i

10 9-deox0-36,37-dihydro-FK506) st sz}7]5w 41 (COSY-NMR) 2 Z}o|t},

k1

11> 9-deox0-36,37-dihydro-FK506° 3t az}7]3w F4 (HSQC-NMR) Z3}o]t}.

k1
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H
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12+

25+

4=

9-deoxo-36,37-dihydro-FK5060l th3t S =}7]Ew &4

31-0-demethy1-36,37-dihydro-FK506°] th3l 1245

31-0-demethy1-36,37-dihydro-FK506° )3t &jz}7]Fv &4
31-0-demethy1-36,37-dihydro-FK5060l 3t ajx}7]Em £
31-0-demethy1-36,37-dihydro-FK506° )3t &jz}7]Fv &4
31-0-demethy1-36,37-dihydro-FK506° )3t &jx}7]Fv &4
31-0-demethy1-36,37-dihydro-FK506° )3t &jx}7]Fv &4

9-deoxo-31-0O-demethy1-36,37-dihydro-FK506¢1 Tt &t
9-deoxo-31-0O-demethy1-36,37-dihydro-FK506¢1 Tt &t

9-deoxo-31-O-demethy1-36,37-dihydro-FK506°] t 3t
9-deoxo-31-0-demethy1-36, 37-dihydro-FK506°] tj &t
9-deoxo-31-0-demethy1-36, 37-dihydro-FK506°] t 2t
9-deoxo-31-0-demethy1-36, 37-dihydro-FK506°] tj 2t

9-deoxo-FK520] 3+t A A ZntE 1y B4 Aujo|r},

A
S

i

9-deoxo-FK5200] o3+ 3=}7]F ™

ofl
ol

M
1%

9-deoxo-FK520°1 th3+ 3z}7]

>

9-deoxo-FK5200] thal | =}7]

of
o
-
J

A
A

i

9-deoxo-FK5200] thal | =}7]

"
o

A
A

i

9-deoxo-FK5200] &+ s=}7]

"
o

31-0-demethy1-FK52001 tof 3F

A
S

i

31-0-demethy1-FK5209)] tjst alz}7]) 39

31-0-demethy1-FK5200]] gl & z}7]) 5+

M
1%

>

31-0-demethy1-FK5209) tjst alz}7]) 39

i
J

A
S

i

31-0-demethy1-FK5209) it &l z}7]) 39

A
S

i

31-0-demethy1-FK5209) tjst alz}7]) 39

9-deoxo-31-0-demethy1-FK520°] th &t

9-deoxo-31-0-demethy1-FK520]] th3dl &l z}7]) 3

"
ol
-

9-deoxo-31-O-demethy1-FK520°] thst 3z}7]

9-deoxo-31-0O-demethy1-FK520°] th3+ 3xz}7]

of
o
-
J

9-deoxo-31-0-demethy1-FK520°] th3l 3x}7]

of
o
-
J

9-deoxo—-31-0-demethy1-FK520°)] o3+ 34 =}7]

of

e
9-deoxo-FK523¢] W3t A5 NA| I ZvtE 129

9-deoxo-FK523¢l Tt SA47] 2@ 24 (H-NMR)

9473

3%47]

ofl
ol
-

) 2}7]

of

ks

) 2}7]

of

s

) 2}7]

of

ks

CH-NR) Aol

(“C-NR) Apolt,

1 (COSY-NVR) A}o]t}.
(HSQC-NMR) 2 o]},
(HMBC-NMR) A o] T},

ISR AR E 2 v A Aijolt),

CH-NR) ZAz}poltt.

i
>

E )

>

i
>

Ao},
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(HMBC-NMR) A z}o] T},

cAANAZulE Ty 4 Aol
1 (CH-NR) Z3}ot}.

(“C-NMR) Apolct,

i (COSY-NVR) ZA}o]t}.
1 (HSQC-NMR) 2 3}o]ct.
1 (HMBC-NMR) A ¥}o]t}.

ISR AR E 2 v A Aijolt),

CH-NR) ZAz}po]t}.

M
1

(“c-NMR) Zto]c},

1%

A
S

(COSY-NMR) A x}o]T},
(HSQC-NMR) A #}o]T}.
(HMBC-NMR) A z}o] T},

i

A
S

i

\=]
w4

("C-NIR) Aot}

i (COSY-NVR) ZA}o]t}.
(HSQC-NMR) 2 3o},
(HMBC-NMR) A o] T},
ISR AR E 2 v A Aijolt),

1 (CH-NIR) ZA3}ot}.

(“C-NR) Aol
i (COSY-NVR) ZA}o]t}.
] (HSQC-MMR) 2 3}o]ct.
i (HMBC-NMR) A ¥}o]t}.
A Aol
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% 45% 9-deoxo-FK523 thet 7] B4 (CC-NMR) Aol
T 462 9-deoxo-FK523¢] tigh 27|35 A (COSY-NMR) A F}oltt.

5= 478 9-deoxo-FK523¢] Whgh 3xb7]E ™ A (HSQC-NMR) 2 he]tt.

% 482 9-deoxo-FK523] thdt dz}7] & E4] (HMBC-NMR) A3}o|t},

% 49% 9-deoxo-31-O-demethyl-FK523¢l o3t Al sAAIZntE 18|y &4 Aujolt},
% 502 9-deoxo-31-(-demethyl-FK5230] Th3t @1A17]FE 24 (H-NIR) Zolt}.

H

512 9-deoxo-31-O-demethy1-FK5230] that &)217)5w 24 ("C-NR) Zz}olc},

b1
&
rr

9-deoxo-31-0-demethy1-FK523l tjgt sx}7]5 &4 (COSY-NMR) ZA}o]tt.

ol
&
rlo

9-deoxo-31-0-demethy1-FK523l tjgt sx}7]5 &4 (HSQC-NMR) ZAF}o]t.

K
g
s

9-deoxo-31-0-demethy1-FK523°l thal x}7]3 EA (HMBC-NMR) AI}o]c).

b1
&
rr
a
i

ATt BEE 9% WAARY Fh FEE 2AF Apoln),

1
o
>
flo
f
.
o of
L o

AT R 9% ARAE A% W05 2AG Aot
AT BEE 9%e] A7 A% AB5S 2AG Azlolth (BB HAE).

®owye] A3 SFE 9% AR A AR5 2AG Aot (A= A2 HAE).

al
o1
|
rlo
f
.
oL
Lo

ki
(o))
o
rlo
,
il

Wy YAIE7] Fek A g
af, st7] AAleo] ofste] & S ®Hot AdAshA AWdct. o, sh7] AAlde i aHs o Alshr] 9%
Wyl Mol ol ER #4EE Qe ot

9
ﬂllo

P

Q]
=

HE

A A 1: 9-deoxo—-31-0-demethyl-prolyl-FK506 A=

FK506S AAitsts #590 REEulolAdla Jlvjulo] ME]F2d tsle] Ban, Y. H. ¢ (J. Nat. Prod. 2013,
76, 1091-1098)° 71A¥ Wi wiel o]F At A5 A FE (Double cross—over homologous recombination) el
o1k ol-Z ¢ (In—frame) A WHS A8 [kbD-fkbM F7AAe] HIEAsE X ste] 9-deoxo-31-0-
demethyl-prolyl-FK5062] AJibet=91 ~EfEnto] M~ Fhujulo] AE]F 2 A fkbD-fkbM (FEFH S KCTC13581B
P)& AlAskiet.

TAH R A, FK506& ek SEREuRol ML Fhuvkol B G ol A fkbDS} fkbl f+AHe] A
& EBAWAE Ayl flstel Azl fHAE pKC1139 WHel  FRSte]  Escherichia  coli
ET12567/pUZ8002% %31 ¥, F3 (Conjugation)S E3l FK506 it ~EFEnfo|Ax Jhumto| B F 28
P4 st

TFAZ HHE vy fAF R A-ZY A (In-frame) A 24 ZgAv]|= (Plasmids)2 A2, 42 2
A dF ARoz HAWE 4 9},

ol-Z Q) (In—frame) FAA A4 Z}~v|= (Plasmids)d AZE thFdd-HXAd HME (E. coli-Streptomyces
shutt]e) WE pKC11395 A =X Y FAA AAS Qe AFEsEATE. Z8k~r]= (Plasmid) A% ~EZEn}
o| M2 Fhmtol ME|F AR HE FEE E2~nE (Fosmid) DNAE—‘T‘—H 2AE e B fEAe] d%- 9 0
Z-olx AW (Left- and right-flanking fragments)® PCR ZZo|| s AA|&}AT). rkbD-fkbM A=) AA
< HEME dE5-dF HHe zZgelw 4 Fka—MLF/Fka—MLR, Q&% AW Zzlolw # FkbD-
MRF/FkbD-MRRS A A&ttt PR AH EFE= #2lste] Hindl11-Xbal i Xbal-EcoRIo.Z Agta Foj
pKC1139 ®Ejol] F21 3s3th. & AAdo A Ag5 5, Zehan= 2 Zgolno] tidt AH= 7] % 1
7} 5 20 AAIEACH

o5 AAS 98] AFR3E Zganss F 19 89kstgtt. 9 FAMEE A (Hydroxylase) @} 31- O-
uﬂ%%i&i = A AAS7] 9% S| =, pAfkbD-fkbME T ET12567/pUZ8002¢) 71 % Aol ¢
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[0096]

[0098]

[0099]

o ZEQEvtl A St el W Edste] X4 FA4E 4E AxFoR
Esh sEQESfolA FhulolAETa AMAl AtololA] A wAsE o

=
-
gl 33 FH¢ &
o

o eplol 1174

LTS

Patel F WA wAE g3, i) R o F WA o
D EPERREEE
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AANAG. A4 Eos

e ohzeviela
(Apramycin)o] Q= 37T (pSG5-71HO.2 3Hz BATS (Replicon) & 91 H-F4 5 §LE)o4] opzefvto]
oAl Sl SATIREF (ransconjugan) ] AR A, ol Al F2rfs 2804 4

= 1, & AfkbD-fkbME
3, 1 Fol PCRZ Qs a, Aoz My 55 FAoz I

AZS flkbD-fkbM AR A #Fe 2EAEnfoly 2 Fhmlo] MEIF 2 A fkbD-fkbM-e dH=-Ai ™ 28kl 19
=AY AE  (Korean Collection for Type Cultures, KCTC)ell 2018 7¢¥€ 17¥xt=2 71833t (FEHS

KCTC13581BP) .
F 1
ARESE Tt S E AR
Strain/vector Reievant characteristic

Bacterial strains

Escherichia coli

DH5 a Host for general cloning

ET12567/pUZ8002 Donor strain for intergeneric conjugation between E.coli and
streptomyces

Streptomyces

Streptomyces Wild-type FK506 producing strain

kanamycet i cus

A fKbD-fkbM Mutant of S. kanamyceticus with an in—frame deletion of fkbD-fkbM

A fkbD-fkbM, tcsB Mutant of S. kanamyceticus with an in-frame deletion of fkbD-fkbM,tcsB

A fkbD-fkbM, tcsD Mutant of S. kanamyceticus with an in—frame deletion of fkbD-fkbM,tcsD

A fkbD, tcsD Mutant of S. kanamyceticus with an in—-frame deletion of fkbD,tcsD

AfkbD, tcsB Mutant of S. kanamyceticus with an in—frame deletion of fkbD,tcsB

A fkbM, tcsD Mutant of S. kanamyceticus with an in—-frame deletion of fkbM,tcsD

A fKbM, tcsB Mutant of S. kanamyceticus with an in—frame deletion of fkbM,tcsB

Plasmid

pKC1139 High-copy—number temperature-sensitive E. coli —-Streptomyces shuttle
vector

pAfkbD Deletion plasmid with in-frame deletion of 51-bp internal fkbD
fragment

pA fkbM Deletion plasmid with in-frame deletion of 507-bp internal fkbD

fragment

pA fkbD-fkbM

Deletion plasmid with in-frame deletion of 1100-bp internal fkbDM
fragment

pAtcsB Deletion plasmid with in-frame deletion of 2090-bp internal tcsB
fragment
pAtcesD Deletion plasmid with in-frame deletion of 1154-bp internal tcsD
fragment
* 2
AH@ Zejoln gu
Primer Sequence 5 to 3’ (Restriction site underlined) Restriction enzyme
FkbDLF TATAAAGCTTCGGAGCCCCGGTGGACCT HindIII
FkbDLR TTAATCTAGACGTCGCCTCGTCGTCGCT Xbal
FkbDRF GTAATCTAGAGTCGGCTACTGCCTCTAC Xbal
FkbDRR GAATGAATTCCGACGAACAGCGGTTCCT EcoRI
FkbMLF TACGAAGCTTTCTGTTCGGCATCCAGCA HindIII
FKbMLR TAGCTCTAGAGTCACCCGGGAGCAGTTC Xbal
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[0104]

[0105]
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FkbMRF TATATCTAGAGACACCGAAGGCGCGCTC Xbal
FkbMRR TTAAGAATTCGAACACCGAGGCCGTCCA EcoRI
FkbD-MLF TATAAAGCTTCGGAGCCCCGGTGGACCT HindIII
FkbD-MLR TTAATCTAGACGTCGCCTCGTCGTCGCT Xbal
FkbD-MRF TATATCTAGAGACACCGAAGGCGCGCTC Xbal
FkbD-MRR TTAAGAATTCGAACACCGAGGCCGTCCA EcoRI
TcsBLE GACAAGCTTATGCTGGCGGTGAAGGCG HindIII
TcsBLR CCGTCTAGACCAGAAGGAATCGAGCCGGAA Xbal
TcsBRF CAGTCTAGAGTGATCCGTGCCCTGCACTCC Xbal
TcsBRR GCCGAATTCGATGACGATGTCCGGGTCG EcoRI
TcsDLE GCTAAGCTTCTCAGGCGTCTGCGGATGC HidIIT
TcsDLR ATCGGATCCTTCGCTCACCGGGGCTGCC BamH I
TcsDRF AGCAGATCTGGCATGTTCTGGTCAGTCC Bgll
TcsDRR GTCGAATTCCATGCCACGAACGGGTCGA EcoRI

A7) A AakdF 2EREulol Al Flhuulo] EIF A A fkbD-fkbM (2EFHE KCTC13581BP) ) wik-S &3}
o] 9-deoxo-31-O-demethyl-prolyl-FK506& A Z3}%G . FA|z oz Ayshd oS3 2o}, 250 mle] HZ 47t
Z2}~3 (Baffled flask)ol 50 ml9] R2YE viA| (=329 = 103 g/L, FFH L= 10 g/L, #4E 0.25 ¢/L,
Azt 6573 10.12 g/L, M A= 0.1 g/L, &E FE2 (10%) 50 ml/L, TES buffer (5.73%,
pH 7.2) 100 ml/L, 425 (0.5%) 10 ml/L, A3k 253k= (3.68%) 80 ml/L, L-2E= (20%) 15 ml/L, ™|
Fda &9 2 nl/L, FASFIEE (1 N) 5 nl/L)E H7bsta, o7|d BAtTE HAES v 324 0%
Hj 7)ol A 28°C, 180 rpm Z7olA o]F &<t ZJHHOJ% AAIETE. L vkl 1 Lol R2YE WA 7} H7bE ] Q)
= 3L A7 2823 (Erlenmeyer flask)d] o] @H“dﬂwbuwm§§§%4ﬁq HE: T 28T,
180 rpm ZZANA 69 FF wYS HAISATE. 62 5| AL T AkE 9-deoxo-31-0-
demethyl-prolyl-FK506& F&3I3itt. 13} 3] ]4@@ HA HY ﬁ]Eﬁ&]ﬂﬂﬁ
< HUkske 30+ B =S & F AR 1 of

Z47] (Rotary evaporator)E ©]&3F %S
Fo] o "golAEHo]|E (Ethyl acetate)E %7
g vl A5 f718TS 5t o
ATk 12 35 FAES AAEtY Aol W F&
g] o,

Fo 13 35§49 FE BAY 150E A
1=}
2

off
rO
jus)

O
ol

2

_1
(¢}

i)
oo
:‘—L _(01,

ox M=
o =
b=

==

o2

—_ =)
oK
=y
2
Ll
2
= N
ol mc,;
2 =
o ‘H m) =
=y
2y
i
2
ANE
%
e
e o
JO

i o ol[.
"y

ﬁ:‘
2

flov 32
o ot
e o
)

— oy MN H
o i
oo oo
QL
9
off
e
>,

12
[o
-

12]7hAlle
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1 . 1:100, & 3. 1:10,
1-0-demethyl-prolyl-FK506°] 1=t} o]
f3to] HAFHow AT

12 3@

ol TAAZRAA ELdHY [T 112 FAHE 4 9-deoxo-31-0-demethyl-prolyl-FK506S 4S &
109

A %3+ 9-deoxo-31-0-demethyl-prolyl-FK5069] &<l& t}g-3} o] AA&gTt. FAAoR A FAAIZEu}
Eady B4 (High performance liquid chromatography analysis), Z##2] (Mass spectrometry), 3z}7]3
W 24 (Nuclear magnetic resonance analysis)=S AT, 9-deoxo-31-0O-demethyl-prolyl-FK506¢°] tf 3k
A A¥e % 39 B 1 UA E 602 A, olg AFAERNEH AZe AidT AEfEUo A A 7t
Upoko] ME] 2 A fkbD-fkbM O ZH-E] 9-deoxo-31-0-demethyl-prolyl-FK5060] k8L 3He1ek 4= ldc}.

9-deoxo-31-0-demethyl-prolyl-FK506 (A2 CuHsNOy, A 749.4714))] W3l &4 A3E 31r]e] & 39
YER AT

3

A7y EE!

DAL R B4 [WPLee] o[5S 4555k SMEUEDF AL AgaAT fEe |
)

ml/min®] 3L 205 nme] UV A&7]2 £48 . od
9-deoxo-31-0-demethyl-prolyl-FK5062] MFE A]7t (Retention time)
22+-0]1 A},




ZIHS3d 10-2020-0072389

(ESI-HR-MS) Calcd. for

CallsNNaOy, 784.4606, found: m/z 784.4611

W3 carbon (ppm) proton (ppm)

1 170.09

2 59.06 4.36 (1, dd, J=10.5,
3.5 Hlz)

3 29.35 1.97 (I1H, m)2.19 (1H,
m)

4 24 .89 1.96 (1H, m)1.98 (1H,
m)

5

6 47.61 3.55 (1H, m)3.64 (1M,
m)

7 171.99

8 39.34 2.56 (1M, d, J=15.0
Hz)2.63 (1H, d,
J=15.0 Hz)

9 98.73

10 38.72 1.59 (11, m)

11 32.86 1.56 (1H, m)1.99 (1H,
m)

12 74.73 3.43 (1H, m)

13 71.14 3.85 (1M, dd, J=10.0,
5.0 Hz)

14 77.39 3.54 (IH, m)

15 36.57 1.34 (1H, m)1.47 (1H,
m)

16 25.72 1.61 (0, m)

17 49.17 1.70 (1H, m)2.35 (1H,
m)

18 141.22

19 122.04 4.99 (1H, d, J=5.0
Hz)

20 53.54 3.38 (1H, d, J=5.0
Hz)

21 214.00

22 44 .25 2.35 (10, m)2.67 (1M,
m)

23 69.23 4.04 (1H, br d,
J=10.0 Hz)

24 41.26 1.83 (1H, dd, J=10.0,
2.0 Hz)

25 78.28 5.18 (1H, d, J=2.0
Hz)

26 132.64

27 129.79 5.01 (1H, d, J=2.0
Hz)

28 35.23 2.35 (IH, m)

29 39.39 1.14 (I1H, m)1.90 (1H,
m)

30 75.81 3.35 (IH, m)

31 75.28 3.44 (1H, m)

32 32.29 1.36 (1H, m)1.98 (1H,
m)

33 31.22 1.06 (1H, m)1.61 (1H,
m)

34 35.78 2.25 (10, m)2.45 (1M,
m)

35 135.80 5.72 (1H, m)

36 116.84 5.00 (1H, dd, J=15.0,
10.0 Hz)5.03 (1H,
dd,J=15.0,5.0Hz)

37 17.20 0.96 (3H, d, J=5 Hz)
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[0106]

[0108]

[0109]

[0110]

[0111]

[0112]

[0113]

ZIHSd 10-2020-0072389

38 19.10 0.77 (3H, d, J=5 Hz)
39 15.90 1.67 (3H, s)
40 10.13 0.90 (3H, d. J=5 Hz)
41 14.41 1.65 (3H, s)
42 56.48 3.38 (3H, s)
43 57.98 3.37 (3H, s)

', “c-MRzRE =AAl F&7)2M 19 ketone BA(S¢ 214.0009F 2709 carbonyl EHA(§¢ 171.99,
170.09), exomehtylene =7A(§: 116.84, 135.80)3 2709 olefine =A(&. 141.22, 122.04; §. 132.64,
129.79)0] #1x 91, dioxygenated 45 EFA (8¢ 98.73), oxygenated WEIEA 770 (§ 78.28, 77.39, 75.28,

75.81, 74.73, 71.14, 69.23), 2719 HEA] A (6§ 57.98, 56.48)7} w=HAoH, 5719 wEE S (§¢
19.10, 17.20, 15.90, 14.41, 10.13)7} #== 12;13&1, B BT 42702 o] Fo|F FK506 FEAZ #E5H S
ot At FxE sty sk, 2D-NRS ER1SHI . gCOSYRH-E] protone] AAE &Rlsh Ay}, H-2~H-4

Atole] coupling® ZH-EH 2 FES plpecolyl =7 9] FK506°] obd, CHZ87]7F 91 prolyl 348 7HA 1
& o3k, gMBC dlolE|2H¥-E H-9 (&4 2.56, 2.63)°] C-8 (&¢ 171.99), C-10 (8¢ 98.73)%}
correlation®ZH-E B 33EL (99 ketoneo] old (2 YHE FZAYS F2lalt). o9k g, 2719
m5A] 28717k C-13, C-1500 Agks o] lef, C-3lel= wISAIZF EAetA] s 7ade Seladlnt. o8 ¥
state] |, B 33E-S 9-deoxo-31-0O-demethyl-prolyl-FK506¢] & shel&tqict.

32

AA e 2: 9-deoxo-36,37-dihydro-FK506 A%

FK506S RS 72 2EHEnlo| AL Fhvjufo] HlE]F 20 tidle] Ban, Y. H. ¢ (J. Nat. Prod. 2013,
76, 1091-1098)°l 71AH wWo| ueg} o]Fuz} s AZF (Double cross—over homologous recombination)oll
o3k Q- A (In-frame) 22 WHS AMESIY] fkbD B tesD AR HEAIE XY 8te] 9-deoxo-36,37-
dihydro-FK5069] A9l A~E# Ento] A2 Fhmlo] AE] 2 A fkbD, tesD (SEPHE KCTC13580BP) & A 4Ha}
ATt

TFAHor HAYed, FK506S AMele AEHNETlol Al Fhulo) ME| T2 FFEolA fkbD 2 tesD A AR
AE EddolAls Ayl st Zhzbe]  fxAE pKC1139  WE o] F2Y3}e]  Escherichia coli
ET12567/pUZ80022 &7 ¥, A3 (Conjugation)S B3l FK506 AitdF ~EFEnlo|A 2 Fhulo] HEF 22
P Agsoict.

TTFAZ WHE By FAFOR A-ZHA(In-frame) A 24 Eg2v]= (Plasmids)e] A=, 32 2
A #FE AFoZ Aysr 4 9},

ol-Zgfe (In-frame) F+AA A4 Zg~u= (Plasmids)e] A2 WA#-4Xd ME (E. coli-Streptomyces
shuttle) WE pKC11395 Ql-Z e FHdA 2HS el AH&s3ith. Zek2m = (Plasmid) A2 AEFE
alo] A Fhutol B F A2 Y frefjel 227 = (Fosmid) DNAi—rEi AHAIE g B4 A dF%- 4
22917 A (Left- and right-flanking fragments)2] PCR 5ol & AASAT. fkbD FAAe] A4
el = dF5-Q14 due] Zejoln 4 FkbDLF/FKbDLR, 2 &%- OW HH el Zelo]w & FkbDRF/FkbDRRS A
SHAIL, tesD RS AAE fSiA T dF-< A e] Zetolw| 4 TesDLF/TesDLR, 2E8%-<Q14 A9
2ol 4 TcsDRF/TcsDRRS AAI8kAch, PCR A% =¥ ajshe] Hind[T1-Xbal 3 Xbal-EcoR1S.Z A
Fofl pKC1139 ®WEe] &= 3dtt. & AAlddA A" dF, E~vs 9 Zgtolwo] figh JRE %
I & 20 AASFAT.
2 A 5 ARS8 AFE EekanEs £ 10 okl €9 FakstE A (Hydroxylase) & #1718t
g Zan s, pAfkbDE it ET12567/pUZ8002¢ 31 & F3tel o8] ZEREnfolA2 Fhtnfol Al
F2= U2 =Ysted 14 FAaAE AF AxFor AAANZY. 24d Zgarse 2EfEuo] AL Fhtulol
AE|F 2 GAA] Aololl A el JJJVP doljt FF= ofxzgtmtol il (Apramycin)o] = 37T (pSGH-7]# o=
s BAGY (Replicon) & $18 Wl-F2 FELE)olA  olzaulolil-AgAo] Yt AADHIHT
(Transconjugant)®] wjFo = HAesgirt. o]F dny FEUe 28TolA A¥ glo] 33 F24& Fdste] +

S
=

— M X oo fo

=

4
71
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[0114]

[0115]

[0116]

[0117]

[0118]

[0119]

[0121]

[0122]

ZIHS3d 10-2020-0072389

A wAE Sesnh. 0o 94 olF wa Edvel, & AfKDE ohxeuleld-vzbge] HAYAR A
° Joz AH 8% PHom st

shglan, 1 ol PR Helsgn, 194
D

fkbD A7 AEd 2EFErto|H 2 Fhuule] AE] G2 A fkbDol|l pAtesDE =43 fkbD A=A 2
I FL3 WS o] 83l resD FAAE BAA L

& ATk, AfkbD,tesDi= obZepwholal-RighAd o] rE g
2 Aesgla, 1 S PCR=E gRlsgla, Agdor i 55 F4o= g5,

AR fkbD, tesD AR} AL @FF AEMEntoAs Fhumbol ME]F A AfkbD, tesDE AT AT
AEAAAE (Korean Collection for Type Cultures, KCTC)ell 2018y 7€ 179x=2 7|8ttt (e S

KCTC13580BP) .

A7) AzLgE Ayrkd T AEEnfo) Al Jlubulo] M E] T2 A fkbD, tesD (F7EPHE KCTC13580BP) 9] wlYkS &3}
o] 9-deoxo-36,37-dihydro-FK506S A|Z3sttr. FAZ o2 Aweld vheat 2rh. 250 mlo WZ 7 e
A (Baffled flask)ol 50 ml¢] R2YE ®i#| (FAEQ= 103 g/L, 253292 10 g/L, AHZH 0.25 g/L, 93}
a2yl 6538 10.12 g/L, A= A= 0.1 g/L, &% FEF (10%) 50 ml/L, TES buffer (5.73%, pH
7.2) 100 ml/L, 14HZE (0.5%) 10 ml/L, FskZE 298tE (3.68%) 80 ml/L, L-ZE™ (20%) 15 ml/L, W=
Ha &A 2 nl/L, FASHESR (1 N) 5 nl/L)E H7teta, of7|o] BiaFE HE T3l 314 T nj
F71ell A 28T, 180 rpm FXACA o]E FF HAwidFS AASIATE. T ol 1 Lo RYE wix|7} H7hE o] =
3 L A7 E82=3 (Erlemmeyer flask)dll ©o]5 w<F Aujdst e 10 mlE HEsH. HE o 28T,
180 rpm Z7olA 6Y F<F viS AASITE. 6UzE v Foll 1xF 34 FAHE F3 ABAkE 9-deoxo-36,37-
dihydro-FK506& FZ3}3iT}.

< H7Mste] 307 s e & &
A =97] (Rotary evaporator)E o] &3+
i, 2vf &%) c"olAlHolE  (Ethyl
o}

H
24
to

& 4
of{
o

lo
2
dlo
:;i
i
%)
il
>
o
2
o
2
s
=
oS
12
=
offl
ot
10
=)
a0
i

h=N
acetate) & 37} § 2 ¢ = v S b 2 Wz @ASSIE. Sl ZeE vl #5718
& 3sta o5 I FRVIE ol8ste] sHATIA w5 o FAE SAssIY. 1A 3 eA4E AAlst
of A FENE AePhdol $E 2SS THAA FA. olu] Ayl & 14 34 49 FE
2

o]

FAL 15E ARgetlon], o]F g 57k g wigkEa vdAIReels (e 1. 0:100,
Y4, 11, ) 5. 100:0)F ARSI o 3004 9-deoxo-36,37-dihydro-FK506°]

A SUVE olgste] wHsa WPLCE o8l HFHom

ol FZAAZAA EZFH [y 2]2 EAFHE EZ 2 9-deoxo-36,37-dihydro-FK506S ¥ 4 AT}

A Z=3E 9-deoxo-36,37-dihydro-FK506¢] Q12 th&3k o] AAeitt. FAA R, 1A TAA AR E L
2 (High performance liquid chromatography analysis), Z&&2 (Mass spectrometry), A7]&w &4
(Nuclear magnetic resonance analysis)S 2AAISFSITE. 9-deoxo-36,37-dihydro-FK506°] tjgt £ Axl= # 4
o = 7 A & 122 AEH, ol AAEEHH AZE AT 2ESEdlolAls JhumtolAlgF A A
fkbD, tcsDZF-E 9-deoxo-36,37-dihydro-FK506°] AAFg S ek 4= A},

i

o

9-deox0-36,37-dihydro-FK506 (ZAF2] CullzsNOy, AR 792.06)0 gk &4 AxE 4719 1% 49 Y]

* 4
B e -
DA IR E Ten] B4 HPLCS] o] 54 45-55% olNEUEZSFLNS AL S 1

[e]
ml/min®] AL 205 nme] UV HAE7]12 EA3F . olw2] 9-deoxo-36,37-
dihydro-FK506¢] MFE A7} (Retention time)< 51F0]3it}.

- (ESI-HR-MS) Calced. for C44H73NNaOn+2814.5076, found: m/z 814.5083
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W3 carbon (ppm) proton (ppm)

1 169.39

2 52.59 4.85 (1M, brd, J=5.0
Hz)

3 26.58 1.70 (1H, m)2.24 (1H,
m)

4 20.70 1.31 (1H, m)1.72 (1H,
m)

5 24 .42 1.51 (1H, m)1.68 (1H,
m)

6 42.65 3.19 (1H, m)3.69 (1H,
m)

7 173.96

8 36.25 2.49 (14, d, J=15.0
Hz)2.66 (1H,d,J=15.0
Hz)

9 98.50

10 38.39 1.56 (1H, m)

11 31.12 1.60 (1H, m)1.94 (1H,
m)

12 74.33 3.40 (IH, m)

13 70.6 3.84 (1H, dd, J=10.0,
5.0 Hz)

14 77.11 3.53 (1H, m)

15 36.57 1.34 (1H, m)1.47 (1H,
m)

16 25.64 1.50 (1H, m)

17 48.49 1.65 (1H, m)2.32 (1H,
m)

18 140.82

19 122.20 5.05 (1H, d, J=5.0
Hz)

20 53.45 3.21 (1H, d, J=5.0
Hz)

21 215.35

22 41.74 2.21 (14, br d, J=15
Hz)2.66 (1H, br d,
J=15 Hz)

23 69.64 3.97 (OH, m)

24 40.26 1.87 (I, m)

25 76.50 5.19 (IH, br s)

26 132.42

27 128.71 4.97 (1H, d, J=5.0
Hz)

28 34.81 2.35 (IH, m)

29 34.84 0.93 (1H, m)2.01 (1H,
m)

30 84.13 3.00 (UH, m)

31 73.58 3.39 (UH, m)

32 30.64 1.34 (1H, m)1.98 (1H,
m)

33 31.15 1.06 (1H, m)1.61 (1H,
m)

34 33.82 1.42 (1H, m)1.65 (1H,
m)

35 20.41 1.21 (2H, m)

36 13.91 0.88 (3H, t, J=7.5
Hz)

37 16.87 0.93 (3H, d, J=5 Hz)

38 18.84 0.76 (3H, d, J=5 Hz)

39 15.45 1.63 (31, s)
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[0123]

[0125]

[0126]

[0127]

[0128]

[0129]

[0130]

ZIHSd 10-2020-0072389

40 10.13 0.90 (3H, d, J=5 Hz)
41 13.91 1.66 (3H, s)
42 56.10 3.35 (8H, s)
43 57.64 3.36 (3H, s)
44 56.56 3.39 (3H, s)

H,OVC-NR 2 gHSQCERE E wag 447l2M, Z7F wEAl (6, 3.39, 6. 56.56)1709F CH( 6, 2.24. 6,

of

1.70, &¢ 20.70)1707F 57}

)

=53, exomethylened F&7]+= #WZEHHA &kom | triplet couplingl Z
=5+ WEd7] (640.838, 6¢13.91)9 CHy (641.21, §¢20.41)7F #ZEAt. 43 +x22 gelslr] 93}

2D-NMRS &H1slsith. gCOSY = H-E proton—‘l] AALS 3Hels A, H-2~H-5AF0]¢9] couplingoZHE E 3}
E& pipecolyl =79 FK5062 AS &AsAr, CH2AHE71(652.24, 6§31.70, 6¢20.70) 17§ pipecolyl &=

o YT Yt gHBCEHE 37/Me WEA $4(6,3.39, 3.36, 3.35)= z+z} C-31 (§6.77.11), C-

15 (8§c77.11) & C-13 (6. 74.33) correlation® ZAS &AL, triplet couplingl & TFHH = WEHZ|(§

1 0.88, 8¢ 13.91)7} CHy, (&4 1.21, & 20.41)7F C-21/337 A5 correlationg 218k 4= vk, oA,
]

tes7t AAE @FRRE w50zl FIER A, (-36/37 Alold A o|FAF o] FUE P 9-deoxo-
36,37-dihydro-FK506.2.2 %L& AR = ).

r:é

E‘JJ:&

)

A Ae] 3: 31-0-demethyl-36,37-dihydro-FK506 |z

2E#EnLo| 2 Fhymlo]l fE]F 20 thEte] Ban, Y. H. 2] (J. Nat. Prod. 2013,

FK506& AJ4tshs #5<
A A

76, 1091-1098)9l 7] wg} o]z} A5 AZ3 (Double cross—over homologous recombination)ol]
L\ A3t kb R tesD AR B @A S X EF] 31-0-demethyl-
1

o]

H

o8k 91-Z @Y (In-frame) Z =
e Euto] 2 Fhhulo] MEIT2 A fkbM,tesD (S-EHHE KCTC13584BP)

o

) A2
36,37-dihydro-FK5062] A3Ab£2]
A9

TFAHo 7 Ml FK5068 AAStE ~EFEno|A 2~ Flvtulo| AE|F 2 5ol A fhbll 2 tesD FAARS]
A& BddoAE  AFEr] Hsted AZe KFHAE pKC1139 #Eo| F2Y3te]  Escherichia coli
ET12567/pUZ8002% %71 ¥, A3 (Conjugation)s &3 FK506 ikt ~EFEwlo] 42~ Fhulo] E]F 22
4 Agsislo.

o
T
2

FFAZ e vy FAHoR o-Zgd(In-frame) FHA 224 Zgk2v]= (Plasmids)e] A&, FHAx 2
iy

=
F 9.

ol-Z g (In-frame) vﬂz} A2 Z2t2~u|= (Plasmids) 9] A|2e -+ MHE (E. coli-Streptomyces
shuttle) WE pKC1139E A-Z Y FAA A4S A AFEsIATt. Z8F2r = (Plasmid) A< 2EJE
ulo] A 2 ﬂb@?ﬂﬂlﬂ%iifﬁ frelE Z2n = (Fosmid) DNAETH AAE e B AR dF%- " o
2z-0o11 d3# (Left- and right—flanking fragments)®] PCR FZo| ol AAetATt. fkbll Ao AAS
AsliM s %205 dHe] xeto]m 4 FKbMLF/FKbMLR, 2 E%- 0143 AH o] Zejo]w % FbMRF/FkbMRRS 2 A
SFlaL, tesD A AAE flEiME A%-AF dHe] Zeto]lw 2 TesDLF/TesDLR, L8%-91% Aol =
glolu 4 TcsDRF/TesDRRES A8t PR A R5F+= #2]3te] HindlI1-Xbal H= Xbal-EcoRIS. 2 “dthel
ol pKC1139 ¥WEjel] 22y 3poith. & Aol AMEH 7, FEkan= 9 Zatolud g AHE i 1
3% 20 AAIBFATE.

T AN FF AFS e AEE ZElavse ® ol 29tk 31-0-WEEEars AAG] A%
Sehaml= ) pATkbME thdt ET12567/pUZ80020 &3 5 el oa] ZEsiEnto]A 2 Fhmfo]l e S W
2 EYste B4 fAAE A AxFeR AN A4 ZEtav=el ~EEvojA s 7?411}01*%]1:4%’-
2 AR Aelell A @ wabrh dojyk = ofaetutol il (Apramycin)o] U 37T (pSGH-7] RO R e
AEel (Replicom)E g Hl-52 3 &2&)olA  ofxzefutolil-AddA el Ae  IAAGHGS
(Transconjugant) @] Hiowm MEsigivt. ol FHe FRUYE 28TolA A8 flo] 33 TS5 F3sto
WA AE Sgslth. 279 G4 olF wak EdwWe], S AfkbNE olZEimlell-vizkgd el WA R

-

=)

=

ri n -1N J
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[0131]

[0132]

[0133]

[0134]

[0135]

[0136]

[0138]

[0139]

BINE S 10-2020-0072389
2 Folglla, AdeFor Hu B BEHow gelsqit),
FAA7E AEd AERNELo| AL Fhumlol MEIFE A AfkbMol| pAtesDE =93t fkbl AR 2
A3t WS o] gslo] tesh FAXES AAAZCT. AfkbM, tesDE ol ZEmlolA-wizkAl o] e & Z
51

wy
2 Agelen, 7 Fol PR FSR, AuHon A 25 $Ho s,

A2k (kbM, tesD AR AE dF 2EFERfo|A A Fhumlo] ME]F 2 A kb, tesDE S E S AT
AEAQAE (Korean Collection for Type Cultures, KCTC)ol 2018d 7€ 17¥AE 7|8t} (FEHE

KCTC13584BP) .

7] ARG AT 2EFEvlo) M2 Fhulo] AIE] T2 A fkbM, tesD (FEPHE KCTC13584BP) 2] wldS &
o] 31-0-demethyl-36,37-dihydro-FK506& AZ3aitt. FAdoz Agspd oS3 ok, 250 mle WZE A7
Zo}~3 (Baffled flask)el 50 mle] R2YE wiX] (32222 103 g/L, FF32= 10 g/L, F24H 0.25 g/L,
Azl adlg 6573HE 10.12 g/L, 7 % AAN= 0.1 g/L, EX F=E (10%) 50 ml/L, TES buffer (5.73%,
pH 7.2) 100 ml/L, QqA4HE (0.5%) 10 ml/L, |3b2EF 253 (3.68%) 80 ml/L, L-Z=& (20%) 15 ml/L, W
Foda &9 2 al/L, FASHEE (1 N) 5 nl/L)E #7star, of7le Aia+E5 HEe ool 344 1%
HjF7loll A 28T, 180 rpm FZielA ol& F<¢F MwidS AASHTE. I thol 1 Lo R2YE w7} H7hE o] QL
= 3L A7 223 (Erlenmeyer flask)oll o]E &b Au|dst v 10 mlE HFsUTE. FF $ 28T,
180 rpm 7oA 6d F<t viYS AASIITE. 6UzE v ol 1xF 34 FAHE F3 ABAkE 31-O-demethyl-
36,37-dihydro-FK506 % FZ&3}31t}.

12 34 4L o2 ol AAsin. WA, wjgde FTEo wgEg HUbste 308 Tk £ & F
dAEgste] gdAE AASG L, dAE AAST FEq disire= 31 F27] (Rotary evaporator)E ©] &3t
F5E AAE FAT. 2 gsd w53 FEAS FZo &alATIa, 28] &9 dEotAEHo]E  (Ethyl
acetate) & H7F + & £33 & v & HE7F 2 w7k BASIGIT. Fol ¥ vkl A5 #71Em
S5 gt olF A FLVE ol &t FFATIL vF T FAE A5, 1A I TS AAE
o dol 7 FEAE Aol F3E LS THAA FAvh. oluf AgstAe] & 1A I T FE
o FA 15HE ARESIEoH, olFAE 57FA] HlEe] wEEy dMadEEdol= (F9 1. 0:100, + 2
1:100, #9 3. 1 1, 29 5. 100:0)F ARSI, 29 3014 31-0-demethyl-36,37-dihydro-

o9
W
ol
o
(o))
)
Lot
o
i
32
)
ol
ne
92
>
M
12
w
o

84 NS o8] el IPLCE o) ok AFHom 4

ol TAAXAA BLde [3}8h4] 3]o® FAEE EE2 31-0-demethyl-36,37-dihydro-FK506S €& <

A %3k 31-0-demethy1-36,37-dihydro-FK5062] <12 tha3t o] AAJsgltt. FA4 e, ud A A=vtE
)yl ¥4 (High performance liquid chromatography analysis), Z3%4] (Mass spectrometry), x}7]EH
4 (Nuclear magnetic resonance analysis)S AAISFTE. 31-0-demethyl-36,37-dihydro-FK506¢] gt 4
ARE F 59 & 13 WA ® 1BE AEEH, olyd AREEFEH AL AT 2EfErlo]M & Fhtato]
AEIFE22 A fkbM, tesDEHE] 31-0-demethy1-36,37-dihydro-FK506°] AJatge shelst 4= g9},

31-0-demethy1-36,37-dihydro-FK506 (A4 CyulleNOy, wAHF 792.02)e ot 4 A3= 719 & 59
ERH AT

xz5
B e -
DA AA IR E gy B4 HPLCS] o] BAe 45-55% oM EUEZFLMS A L9 1 FFS 1

[e]
ml/min®] AL 205 nme] UV HAE72 4313},
oluj o] 31-O-demethyl-36,37-dihydro-FK5062] ™% & A]7t (Retention
time) L 43%o] i},

- (ESI-HR-MS) Calcd. for C43H69NN3012+1814.4712, found: m/z 814.4715
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W3 carbon (ppm) proton (ppm)

1 169.35

2 56.64 4.58 (1M, brd, J=5.0
Hz)

3 27.92 2.05 (1H, m)1.90 (1H,
m)

4 21.42 1.38 (1H, m)1.74 (1H,
m)

5 24.80 1.51 (I1H, m)1.68 (1H,
m)

6 39.58 3.03 (1H, m)4.44 (1H,
m)

7 165.08

8 196.54

9 97.42

10 35.28 2.32 (IH, m)

11 33.01 1.52 (1H, m)2.16 (1H,
m)

12 74.03 3.39 (UH, m)

13 73.22 3.68 (1H, dd, J=10.0,
5.0 Hz)

14 75.21 3.39 (UH, m)

15 35.79 1.35 (1H, m)1.56 (1H,
m)

16 26.67 1.66 (1H, m)

17 49.02 1.80 (1H, m)2.17 (1H,
m)

18 138.80

19 123.64 5.03 (1H, d, J=5.0
Hz)

20 53.34 3.28 (1M, d, J=5.0
Hz)

21 213.76

22 43.64 2.10 (11, br d, J=15
Hz)2.77 (1H, br d,
J=15 Hz)

23 70.36 3.92 (1H, m)

24 39.97 1.89 (I, m)

25 77.82 5.33 (1H, br s)

26 132.63

27 130.03 5.09 (1, d, J=5.0
Hz)

28 34.93 2.18 (IH, m)

29 39.36 1.14 (1H, m)1.91 (1H,
m)

30 75.79 3.59 (UH, m)

31 75.58 3.36 (1H, m)

32 32.36 1.35 (1H, m)1.98 (1H,
m)

33 31.23 1.06 (1H, m)1.61 (1H,
m)

34 33.34 1.42 (1H, m)1.66 (1H,
m)

35 20.76 1.27 (2H, m)

36 14.37 0.90 (3H, t, J=7.5
Hz)

37 16.54 1.00 (3H, d, J=5 Hz)

38 20.75 0.93 (3H, d, J=5 Hz)

39 16.18 1.59 (3H, s)

40 9.79 0.87 (3H, d, J=5 Hz)
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[0142]

[0143]

[0144]

[0145]

[0146]

[0147]

[0148]

[0149]
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41 14.43 1.62 (3H, s)
42 56.64 3.40 (3H. s)
43 57.32 3.30 (3H. s)

H, PC-NIR 2 gHSQCRPE], & wag 4370 2M, ketone BA (6 196.54)7F =7t BEH A, 27 HEA
7F #=wo], AfkbM FHAAEFE wEo]Z 31-0-demethyloll A 7]¢18 A)S g 5 ATk, gHMBCEARH
270 WEA] FA2(8y 3.40, 3.30)= Jrﬂr C-15 (8¢ 75.21) % C-13 (& 74.03) correlation® A&
5o, 2 FAE AN fes/t AAE H#FERE WEAR FERA, (-36/37 Ateld| EAstH o]|F AT
o] 2l sgau 31-0-demethy1-35,37-dihydro-FK506 2.2 % AA ¥ Jr}.

=
o

AAe] 4: 9-deoxo-31-0-demethyl-36,37-dihydro-FK506 A%

2EF
ol

FK506 A4kshs w59 Evpol A& Jhuputol AlE] S 20 thsto] Ban, Y. H. ¢ (J. Nat. Prod. 2013,
76, 1091-1098)°l 71A® wWro] ulg} o]Fna} AE A ZEF (Double cross—over homologous recombination)oll
o8k o1-Z e (In-frame) A WHES AN fkbD-fkbl 2 tesD FAAY] H|EA3LE 2@t 9-deoxo-
31-0-demethy1-36,37-dihydro-FK5062] A2bat5=01 ~E#Enlo] A2 Fhumlo] AlE]F 2~ A fkbD-fkbM, tesD (7B
W5 KCTC13585BP) & Al 2-sk3itt.

H

TAZH o7 Ametd, FK506S AAlsls ~ERNERfol A A Fhuulol AE|F A ol A fkbD-fkbi 2 tesD 7
zke] AdE EARCIAE Aletr] St Zhzte] fHAE pKC1139 #E|o F=2YSte] Escherichia coli
ET12567/pUZ8002% &7 ¥, A (Conjugation)S B3] FK506 AAXtT 2~EFERfo|A 2~ lumlo] JEF AR
EEEEER =

A e B Aoz o-Z g (In-frame) FAA A4 Zg~u|= (Plasmids)9 A2, Hdx 4
A #F AFew Aye 4= Q.

el-Zgjd (In-frame) FHA 24 ZeAu|= (Plasmids)d) AZE NAF-HATF ME (E. coli-Streptomyces
shuttle) WE pKC1139E <A-Z Y FAA A4S A AFEsIATr. E8F2r = (Plasmid) A2 2EJE
ulo] A2 Fhmlol AE]F AR RE Fal¥l E2Au= (Fosmid) DNAZRE 2AS 913 7 F-AdA9 9z 2 o
22-97 AH (Left- and right-flanking fragments)®] PCR FZol o] AASA). fkbD-fkbM +4dAe] A
AS SEiE d9F-9y dHe Zelolw % Fka—MLF/Fka—MLR QEZ-QH dAHe| Zelolw 4 FkbD-
MRF/FkbD-MRRS A ASFAIL, tesD FAAe] AAE fleis 9F-94 dHe Zebo]lw 24 TesDLF/TesDLR, £
E5-9% duo =xetol 4 TesDRF/TesDRRE AAIERIth. PR A X5 #@ste] HindIII-Xbal &
Xbal-EcoRIo 2 Hest $Fo pKC1139 e 249 3lth. & HAAlddA A8 #5F, g = 9 2ol
wol the ARE F 13 F 20 AASHATH.

FAA A 45 AFS s AFEE ZEAvEE § 19 0%6}%3} A8l a4 (Hydroxylase) @t 31- O-
e FgAE A AAS) Y3 ZSgAn = pAafkbD-fkbME T12567/pU28002°ﬂ £ & A3l 9
3 2EREnfo] |~ JhuutolEF 2 U2 =9ty ¥4 xS /\o% Ao AAAAT, A EZ~

mEel AEfIEntolA2: FhubulolAlEIF 2 QAA AleloA ©d WAyl Yo tFE ofxetwiolal
(Apramycin)©] 3= 37C (pSGE5-7]2 o2 3}= EATES] (Replicon)E g H-F4 3%3it)°ﬂf‘1 o} 3z gfmlo]
A-#gAgo] e I AZHETES (Transconjugant) 2] #jFo = Meisiir), o Hz= 28O A A
g glo] 33] TS Fdste 7 WA wakE d&sklth. 2709 @4 olF WAk = =

olZelulolAl-vIZtAde] MAFAZ MEEIY I, 1 Fo P(RE e, Aoz Ay B2 BMoz I

LTS

ARG [kbD-fkbH SAAT} ALw AEREvlol A Fhbmlol MEIF A A fkbD-TkbMOl pAtesDE &) &he]
(kbD-(kbI AR AL WE BAg PHe o] 8ste] resh HARE AAAATE. A fkbD-fkbM, tesDi obZ e}
sloldl-mizgel wEgAe Auala, 1 Fol PR I, dudoz A 25 pdow s

o},

A2yt fkbD-fkbil R tesD FRAA AE Tl 2EFERPoIA L Fhumto] ME]F 2 A fkbD-{kbM, tesDE gHEAY
HEFeATI AEAAAE (Korean Collection for Type Cultures, KCTC)ol 2018\d 79 179x2 7|E38tit)

°%
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[0151]

[0152]

[0153]

[0155]
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(4P S KCTC13585BP).

A7 A3 AAFF 2ERAETol AL Fhgmlo] MEIF A A fkbD-fkbM, tesD (SFEMH E KCTC13585BP) 9] vl &
E3}o] 9-deoxo-31-0-demethy1-36,37-dihydro-FK506S A %&tgict. FAH s AHsid oS3t 2ok, 250 ml
o] W= A7t Zeb~3 (Baffled flask)ell 50 mle] R2YE ®ix] (FaES= 103 g/L, FFHL= 10 g/L, At
Z 0.25 g/L, fsivtadls 658E 10.12 g/L, 7MAHx A= 0.1 g/L, &% FFE (10%) 50 ml/L, TES
buffer (5.73%, pH 7.2) 100 ml/L, Q42§ (0.5%) 10 ml/L, g3bd< 2532 (3.68%) 80 ml/L, L-Z=%
(20%) 15 ml/L, "% €94 &9 2 nl/L, FASUER (1 N) 5 al/L)E H7teta, 7] BiaFE HES
th5oll 3172 e wikrlel A 28T, 180 rpm Z7NA o]F St MujgS HASHATE. L thEol 1 Le] R2YE
w2 7F Hrree] 9= 3 L A E8k23 (Erlemmeyer flask)oll ©o]& &< dujfst wjddl 10 mlE
AE3TE. AT Foll 28°C, 180 rpm 7oA 62 Tt vlgS HA ST, 647 vk Fo 12} 34 FAHES

[e]
E3)] AAE 9-deoxo-31-0-demethy1-36,37-dihydro-FK506 S FZ3}9it).

o
jus)
o

12 3l 34 thed Zol AAEGITE. WA, wjgde] FFo HeEEs Hriste] 0% B £ = F
dAEgste] dAE AASG L, dAE AAST FEq disire= 3] F27] (Rotary evaporator)E ©] &3t
F5E AAE FAo. 2 gsd w53 FEAS FZo &alATIa, 28] &9 o EotAHo]E  (Ethyl
acetate) & H7F + & £33 & v & HE7F 2 wizkA HASIGIT. Fol B vkl A5 #7148
& IFetaL olF A FLVE ol &t FFAVIL vF T FAE S5, 1A I TS AAE
o dol 7 FEAE Aol F3E ZAS THAA FAvh. oluf AgstAe] & 1A I T FE
N A 15HE AFESIon, olFAE 57FA] HlEe] WEEy dMEdEEdol= (F9 1. 0:100, + 2
o i

1:100, ¥ 3. 1:10, ) ,
dihydro-FK506°] &Q1EAt}t. o] =
oz HASA .

W
=
=

e ML

o

N 5. 100:0)5 AMg3sIATE. EH 3614 9-deoxo-31-O-demethyl-36,37-
o HN 38 3d FH|E o]l&dle] FHslal HIPLCE o] &3ty AF
ol FAAZRAA
F ARt

A28 9-deoxo-31-O-demethy1-36,37-dihydro-FK5069] &1 t&3} o] AASIY. FAHez, 1uAdsd
AAZvtEag s 4 (High performance liquid chromatography analysis), Z&#24] (Mass spectrometry),
A 7lg A (Nuclear magnetic resonance analysis)S AAEATE.  9-deoxo-31-0-demethyl-36,37-
dihydro-FK5069l tigh &4 Ayt 3% 63 & 19 A & 242 A=, o3 AREZ5H ALe i
2~EZEnlo| M2 Fhyulo] M E] 2~ A fkbD-fkbM, tcsDZF-E 9-deoxo-31-0O-demethy1-36,37-dihydro-FK506°] A

49e B9 & 9.

wddeglo] [3E4] 412 EAEE B4 9-deoxo-31-0-demethyl-36,37-dihydro-FK506<

o
o

[e2]
=

9-deoxo-31-0-demethy1-36, 37-dihydro-FK506 (5214 Cull, N0y, E-22F 778.04)0] ojst B4 Ax=2 &7)9 %
6ol YRS
* 6

B e -

A Az EY ] 24 HPLCO] o] E/d& 45-55% oMMEUEAFENE AREEIga F3F& 1
ml/min®] AL 205 nme UV AE7E B39 ct.
o]l 2] 9-deoxo-31-O-demethyl-36,37-dihydro-FK506] ™2 A7}
(Retention time)& 34Fo]3t).

) EEE A
B (ESI-HR-MS) Calcd. for CyHNNaOy :800.4919, found: m/z 800.4924
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W3 carbon (ppm) proton (ppm)

1 169.73

2 52.59 4.85 (1M, brd, J=5.0
Hz)

3 26.94 1.70 (1H, m)2.23 (1H,
m)

4 21.03 1.32 (1H, m)1.72 (1H,
m)

5 24.77 1.52 (1H, m)1.68 (1H,
m)

6 42.97 3.19 (1H, m)3.70 (1H,
m)

7 174.37

8 37.54 2.49 (14, d, J=15.0
Hz)2.67 (1H, d,
J=15.0 Hz)

9 98.85

10 38.78 1.56 (1H, m)

11 32.86 1.60 (1H, m)1.94
(1H,m)

12 74.69 3.40 (IH, m)

13 70.99 3.84 (1H, dd, J=10.0,
5.0 Hz)

14 77.21 3.53 (1H, m)

15 36.57 1.34 (1H, m)1.47
(1H,m)

16 26.94 1.63 (1H, m)

17 48.49 1.64 (1H, m)2.33
(1H,m)

18 141.15

19 122.53 5.05 (1H, d, J=5.0
Hz)

20 53.84 3.20 (1H, d, J=5.0
Hz)

21 215.35

22 42 .20 2.20 (1H, br d, J=15
Hz)2.64 (1H, br d,
J=15 Hz)

23 69.96 3.97 (OH, m)

24 40.05 1.85 (1, m)

25 76.90 5.20 (1H, br s)

26 132.82

27 129 4.97 (1H, d, J=5.0
Hz)

28 35.29 2.32 (1H, m)

29 39.45 1.12 (1H, m)1.88 (1H,
m)

30 75.22 3.53 (IH, m)

31 75.22 3.40 (UH, m)

32 32.32 1.33 (1H, m)1.95 (1H,
m)

33 31.19 1.04 (1H, m)1.59 (1H,
m)

34 34.14 1.46 (1H, m)1.62 (1H,
m)

35 20.73 1.22 (2H, m)

36 14.25 0.88 (3H, t, J=7.5
Hz)

37 17.22 0.94 (3H, d, J=5 Hz)

38 19.17 0.76 (3H, d. J=5 Hz)

39 15.82 1.63 (31, s)
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[0163]
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[0165]
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40 10.07 0.85 (3H, d, J=5 Hz)
41 14.77 1.65 (3H, s)
42 56.45 3.35 (8H, s)
43 57.99 3.35 (3H, s)

H, TC-NMR E gHSQUERE, & wAg 43R EAUF A5 o)A Qo) AfkbDe] Qo 9ls, 1W, 2

W 223} o], ketonetAlo] YEE=E CH, ZHE7] (8, 2.67, 2.49, 8¢ 37.54)7F A=A}, 2D-NMR datas

2% A7, 4W FTEE A fKbD-fkbM GAAZEE wHE0]7 9-deoxo-31-O-demethyl1-35, 37-dihydro-FK506.2
q

AA ) 5: 9-deoxo-FK520 A%

FK506S AJA4tsle 5% 2EfEulol M~ Fhvjulo] ]2 tidte] Ban, Y. H. ¢ (J. Nat. Prod. 2013,
76, 1091-1098)°l 71A1¥ ®iol] wet o]F il s AZE3F (Double cross—over homologous recombination)ol]
o013k - d (In—frame) A2 WWHS AFE3] fkbD 2 tesB AR T fkbD D tesD A2 WA 8=
Z Y3} 9-deoxo-FK5209] A<l AE# Eufol A2 Funlo] JE]SE 2 A fkbD, tesB (FEH S KCTC13579BP)
T 2~EERlo] 2 Fhububol AlE] 22 A fkbD, tesD (§7BFHE KCTC13580BP) & Al 4-ahith.

TFAX R AWy, FK506S ABitels ~EFERto|Al2 Fhulol e G2 5ol A fkbD R tesB AR
As EAWHOIA W= fkbD R tesD FRAL] AE EAWOIAE A A7 Aste] Z47be] {dAE pKC1139 ¥
Holl & 2493}o] Escherichia coli ET12567/pUZ8002% %71 3, A¥ (Conjugation)S E3l FK506 AAbAT 2=
EfEnlo) |~ Fhntol MEF A2 Fd AFeint.

TTFAZ WHE By FAFoR A-ZHA(In-frame) A 24 E2v]= (Plasmids)e] A=, A2 2
A dF Aoz Aye 4 9l

ol-Z ) (In-frame) 42 24 Ze}An|= (Plasmids)d AZE WAd-HA7 ME (E. coli-Streptomyces
shuttle) WME pKC1139%5 A-ZY) FHx AHE A AH&eksitt. E212~v = (Plasmid) A2 2EJE

alo] A Fhutol B F A2 Y frefjel 227 = (Fosmid) DNAETH AHAE g BA AR dF%- 2 o
E22-901% H¥H (Left- and right-flanking fragments)®] PCR &Zof 9l AA|sIS ). fkbD A2 AAS
HAalM e 9F-QAH dHe =etolw 4} FkbDLF/FKbDLR, S E%- OW HH o] Zalo|w] 4 FkbDRF/FkbDRRS A A
SHAIL, tesB Ao AAE fsliAe dF-Q dHe] Zjolw 4 TesBLF/TesBLR, LE8%-Q14 ¥ =
gtoln 24 TcsBRF/TesBRR=  AAISHITE. tesD Aol AAS SsiAe d%-dx dwol =Zefoln] 24
TesDLF/TesDLR, Q8%-9% Aol =Zgolm 4 TcsDRF/TesDRRS AAIstG . PR AHA R¥E Egdld]
HindI1I-Xbal X+ Xbal-EcoRIS= Aehdt Fo pkC1139 WlH o &S24 3tlth. & AAleA ALe&d a5, &

ghan= 9 Zgtolwo] tidt AR E H 19 ¥ 20 A|AISAC.

AR A g5 ARE e AR EEkarEs F 1o 8oFedivh. 9 Aksta A (Hydroxylase) S A1 s)
7] 1% Zekav =, pafkbDE ot ET12567/pUZ8002¢0 &30 & A gtel ola] ~Es|EviolAl2 Jhjmlo] AE]
T UZ =stel 24 FAAE AT Axgem dAAZT. A ESfavEeh AERErlolA s Fhjrlo]
AEIFE A Apolell A el JJJV} dofit 5= ofZe}ukolal (Apramycin)e] 9= 37T (pSG5-7]#o=
et HAES] (Replicon)E  #1% H|-T4 &2k)lA  ofzejuleld-AdAo]l Q= IHALHIHT
(Transconjugant)®] vl o = AEsigitt. o]F Fud ZEY= 28TolA A8 Qlo] 33 S Fqste] F
A wAS sEsklth. 27)e] 2@AdE olF wak Edwe], S AfkbDE ofZelvolil-wid o] BE g AR A
ol

il = vl
B35l a, o1 Fo PRE E0lslga, AuExoz Mo B2 Bxog 3elsr}.

A8y fkbD FAAZY Asy AEEulol A2 Jhulo] A E AfkbDol|l pAtcsB BE pAtesDE EYstd]
fkbD FAA AL W3 Fd3 IS o] 831 tesB AR e tesD FAAE AAAIAT. AfkbD,tesB T
A fkbD, tesDE ofZelnfolal-wzhgd o] Wt gd 2 Mesigla, 1 $o P(RZ &letsia, Adedoz Ad

=
ug pHoz FAsA

ANZE fkbD, tesB AR AE #5909 AEAERlol A2 Fhuubol AEIF A AfKDD, tesBE A e g
AEAADAME (Korean Collection for Type Cultures, KCTC)oll 2018 7€ 17d4xt2 7|31y (FEHE

_34_



[0167]
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[0169]

[0170]

[0172]
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KCTC13579BP), fkbD, tcsD X A& #50 2EREnfo|A| 2 Fhunto]AlE] G2 A fkbD, tesDXE g4 38t
ATY AEALAAME] (Korean Collection for Type Cultures, KCTC)el 2018d 7€ 17dxt= 7)eralith (
WS KCTC13580BP).

<
T

A7) AzLgE Arkd s AEEnfol Al Jhubulo] ME| T2 AfkbD, tesB (F7EPH & KCTC13579BP) T AE#E
vlol Al 2 Fhulo]l ME]F 2 A fkbD, tesD (SFEFH S KCTC13580BP) o) %S E3to] 9-deoxo-FK5208 A %3}3iT).
FAReR Ayt oS 2h. 250 mle] WE 47 E8F223 (Baffled flask)ol 50 ml12] R2YE wi#] (3=
92 103 g/L, FF392 10 g/L, 245 0.25 g/L, 93lvl2dl4 65735 10.12 g/L, 7 = AA|= 0.1
g/L, &% FZE (10%) 50 ml/L, TES buffer (5.73%, pH 7.2) 100 ml/L, 212FZ% (0.5%) 10 ml/L, g3+
25 3k= (3.68%) 80 ml/L, L-Z& (20%) 15 ml/L, W& 94 &9 2 ml/L, FASUESR (1 N) 5 al/L)E A
7vekar, of7|o] AAAFTE FETT vheoll 3 A Y wgr]e A 28T, 180 rpm 27N o]F Tt Hulet
AAFET. 2 tSe 1 L9 R2YE WA 7} A7 Ee] 9= 3 L 2z Ze}~3 (Brlemmeyer flask)d] o]E =
Aujeke vl 10 mlE FE3Ak. BF Fol 28T, 180 rpm 7oA 69 &<t WS AT, 6¢

ik ol 12} 39 34S Fal AtE 9-deoxo-FK520& F=3I3ITE.

12+ 3 3L o3 o] AT, WA, wjgFde] s wekEE HUkste] 307 st EFE + F
ARt 7AE AASAL, #AE AATF FEH dsiAe= Ed F27] (Rotary evaporator)E ©]-&-3g
TEE AAE FAY. 2 ggd w53 FEAS B &8iA7)a, 28 &% oEolAEHolE  (Ethyl
acetate) & 7l & & £33 + v 5 HE7F 2 w7k AT, Fol ¥ vkl A5 #71E
& IFetaL olF A FLVIE ol &t FHFAIL vF T FAE S5, 1A I TS AAE
o dol 7 FEAE Aol FE LS THANA FAvh. oluf AgstAe] ¢ 1A I T FE
N A 15HE A& on, olFAE 57FA] HlEe] WEEd dadEEdel= (F9 1. 0:100, + 2.
1:100, ¥ 3. 1:10, ¥ 1, & 5. 100:0)F AR&sETE. 2 304 9-deoxo-FK5200] =Q1H At

;e 401
olFAl Lol EN 32 I FEVIE ol&3te] FFIAL HPLCE o]838to] HFHom AAlsint.

AzAA Lol [ 512 EAISE =49 9-deoxo-FK520& H& o AT

Lo

A|Z7E 9-deoxo-FK5209] =12 th&3t o] AAsiint. FAHoR, uAeiAAREaNY] £4 (High
performance liquid chromatography analysis), ZA%E4 (Mass spectrometry), A7]EH 41 (Nuclear
magnetic resonance analysis)< AAISFATE. 9-deoxo-FK5200] 3t ¥4 Ayl= ¥ 73 = 25 A = 3002
AeEm, olHd AREziY Az ks AEFEvlolAlL Fhuvlo] MBS AfkbD, tesB B AEF]
Eufol A2 Fhuulo] A E] S 2~ A fkbD, tcsDEZF-E] 9-deoxo-FK5200] AitgS& A 4= S},

9-deoxo-FK520 (#-2}A Cyall; N0y, EA18F 778.04)9 thst B4 AE 3179 & 79 Ve

z 7
A b R,
A E A AR A HPLCO] o4& 45-55% CFMEUE-FENE ARgsida F32 1

ml/min®] 3L 205 nme] UV HE712 A8},
olml&] 9-deoxo-FK5202] WEE A7t (Retention time) 35%-°]Ut}.
(ESI-HR-MS) Calcd. for C43H71NN3011+1800.4919, found: m/z 800.4927
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W3 carbon (ppm) proton (ppm)

1 169.62

2 52.84 4.87 (1M, brd, J=5.0
Hz)

3 26.85 1.71 (1H, m)2.25 (1H,
m)

4 20.97 1.24 (1H, m)1.73 (1H,
m)

5 24.69 1.52 (1H, m)1.71 (1H,
m)

6 42.86 3.19 (1H, m)3.69 (1H,
m)

7 174.25

8 36.25 2.49 (1M, d, J=15.0
Hz)2.66 (1H, d,
J=15.0 Hz)

9 98.75

10 38.72 1.58 (1H, m)

11 31.12 1.60 (1H, m)1.94 (1H,
m)

12 74.62 3.40 (IH, m)

13 70.92 3.84 (1H, dd, J=10.0,
5.0 Hz)

14 77.32 3.53 (IH, m)

15 36.57 1.34 (1H, m)1.47 (1H,
m)

16 25.93 1.63 (1H, m)

17 48.75 1.68 (1H, m)2.35 (1H,
m)

18 141.35

19 122.25 5.05 (1H, d, J=5.0
Hz)

20 55.65 3.21 (IH, d, J=5.0
Hz)

21 215.46

22 42.11 2.21 (14, br d, J=15
Hz)2.66 (1H, br d,
J=15 Hz)

23 69.83 3.97 (OH, m)

24 40.59 1.87 (I, m)

25 76.77 5.19 (IH, br s)

26 132.68

27 128.99 4.97 (1H, d, J=5.0
Hz)

28 35.12 2.27 (IH, m)

29 35.12 0.95 (1H, m)2.02 (1H,
m)

30 84.44 3.00 (IH, m)

31 73.62 3.39 (UH, m)

32 31.44 1.34 (1H, m)1.98 (1H,
m)

33 30.92 1.03 (1H, m)1.61 (1H,
m)

34 25.12 1.52 (I1H, m)1.72 (1H,
m)

35 12.01 0.88 (3H, t, J7.5
Hz)

36 17.14 0.93 (3H, d. J=5 Hz)

37 19.09 0.78 (3H, d, J=5 Hz)

38 15.76 1.66 (3H, s)

39 10.02 0.89 (3H, d, J=5 Hz)
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40 14.75 1.69 (3H, s)
41 56.37 3.37 (3H, s)
42 57.91 3.37 (3H, s)
43 56.81 3.41 (3H, s)

H, CC-MR 2 gHSQC HlolElZEE | Bagrt & 432 WS SAbe Fejz selwglot, WEA (6, 3.41,
§¢56.81)7F 371 BEHm, Cl, Z477F 3 A7 9@ #3572 o)AMY S e = ATk, gCosy

2H5H proton® 94E& &g A¥, H-2~-H-5AF0]9] couplingSZRH ¥ 33E-2 pipecolyl =Z0] 1S
3, gHMBCEEF-E] triplet couplinglZ #ZHE= wE7| (6 0.88, &¢ 12.01)9F CH, (64 1.72, 1.52, 6&¢

20.41)7F C-21 (&84 1.72, 1.52, 6¢ 20.41) Alolell A3 correlation®] o|FA+= HCO=ZFEH, FK5062] propyl

17} obd FK520 HENE o]F & ethyl7} C-210] EA¢S &5ttt o] 2FH 59 FFELS 9-deoxo-FK520.L
zﬁx4 }Oﬂq

AA e 6: 31-0-demethyl-FK520 A=

FK506S AAtels #3¢ 2EUEalo]l A~ slumto] MlE]F 2o thale] Ban, Y. H. & (J. Nat. Prod. 2013,
76, 1091-1098)°l 71AH wWo| ueg} o]Fuz} s AZF (Double cross—over homologous recombination)oll
o3t Q-2 29 (In-frame) A4 WHS AFE3FS] kbl L tesB FAR = fkbl 2 tesD AR v EA 3=
Z#&te]  31-0O-demethyl-FK5209] AAbFFEel  AEZEnfolAxs  Flhumbol ME]F A AfkbM,tesB (58 HE
KCTC13583BP) i ~E#MEmnlo] A2 Fhtuto] ME]F 2 AfkbM, tesD (FBFH S KCTC13584BP) S A 2bslgith.

FAHowE HWetH, FK506s AAshe Z2ESIEutolAls Fhjuto) MBS el A (kb R tesB A
As EAHOIA = kb R tesD FAAL] AE EARWOIAE A A7 Aste] Z47be]l fdAE pKC1139 ¥
Elo| S 2493}0] Escherichia coli ET12567/pUZ80022 %71 %, A% (Conjugation)s &3l FK506 AALhdts 2=
EfEnlo) A~ Fhntol MEF A2 Fd Ageint.

FEA e Bk PAHOR Q-2 (In-frame) FHA A4 Zepxv= (Plasnids)el A%, 87 2
A FF Adem 49 & A

ol-Zgfe]  (In-frame) FAA ZAA ZF2v=  (Plasmids)d AZS iFd-2Ad ME (E. coli-
Streptomyces shuttle) WEl pKC1139E QI-Z#id FHA AdS A AH&3itt. E2t4~v = (Plasmid) Al
Zhe 2EQErfolA s Fhtutol B R A2 E Y folE 2= (Fosmid) DNAE—‘?‘H AHAE A% 24 fFAA
o] &~ 2 &9l A (Left- and right-flanking fragments)2] PCR FFol o] AAISITh. fkbi
Azrel Adds fEide 9F-203 d¥e]l Zojolv % FkbMLF/FKbMLR, 325—‘7— 3 HHe] Zejoln
FKbMRF/FKkbMRRS- A AIBFAIL, tesB kel AAS el d%-Q14 AHe] Zefo|m 4 TesBLF/TesBLR, &
S Ayl xetolu] 4 TesBRF/TesBRRe AAISIATE. tesD FrAAe] AAE faix = 9F%-A4] A9

Zglo] 28 TcsDLF/TesDLR, LE%-917 A xzlolw % TcsDRF/TcsDRRS A A YE. PCR dH BH5e &
2]3le] HindII1-Xbal % Xbal-EcoRIC 2 Hwk3l Fo] pKC1139 HEjo] F2Y ddtt. 2 AA oo Alg¥
T, SH2vE 2 ZgolHe) gk JRE 1 13 % 20 ARSI

GAA A #F AL YE AL ZTeaneE T o1 Q9. 31-0-"ERHIBEAE AAGH) Y

Zetau= | pAfkbMS 4t ET12567/pUZ80029 %71 3 gl ol ~EFEntolHA JFhynfo]AlE]F2
2 Zste 34 fAAE AE Axgor AXAAHY. 44 ZEtav|=el AE#Enfo| M| Jhjulo] A E]F
2 FAA Abelo A T WAt dojut FE ofxZelntolal (Apramycin)©] & 37T (pSGH-7]EoE e &
A9l (Replicon)E&  H3  H-FT2  FHE2Z)A  olZgwlo]il-AHEgdgo] QY& JVMH%&
(Transconjugant)9] o & XMEsr}. o|F FuyE ZFZuU = 28ToA A8 §lo] 33 5218 =33}
HA waks 85Tk, 279 g4 E ol wA EAWo], Z AfkbME ofEgulolal-Ti7t
<]

2
= o) wAPA
@shgla, o1 ol PRE Selskela, A Ao 59,

o?.: ol\
Hu 2
2 —lN J

(o
fr
_\):
rﬂ
e (E
e

AZSE kbl FART} AiE® ~E#:Eulo|A 2 Fhualo] A E AfkbMol] pAtcsB BE pAtesDE EYstd]
fkbl A A WUy SUS MHE o] 8310 fesB A B fesD FAAE AAAIFATE. AfKbM, tesB &
= AfkbM, tesDE ofZEfufolAl-mzkAde] i AR Melstgia, 1 $o PRE &3, Aaido=z A
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A fkbY, tesB AR AE #F ZESERLO|A| L Fhumbol BT AfkbM, tesBE S AH T E AT
AEADAE  (Korean Collection for Type Cultures, KCTC)ol 2018 7€ 174xlz2 7|E3¥ 1 (SEHE
KCTC13583BP), fkbl, tcsD fr7d2k A dFQ AEREVLOIA L Fhfubo] AlE| 2 A fkbM, tesDE= §h= 478 &t
AT WEALAME (Korean Collection for Type Cultures, KCTC)ol 20183 79 17¢A2 7|g3atdtt (48

WS KCTC13584BP).

A7) AzbgE Arkd T AEEnfol Al Jhubulo] ME| T A fkbM, tesB (F7EPH & KCTC13583BP) T AE#E
wlol Al 2 Fhmbol JEIFE A A fkbM, tesD (SREFHE KCTC13584BP) o] wj9kS E3}o] 31-0O-demethyl-FK520S A%
sileh. FAF ez Ayt oS 2ok, 250 mle] WE 47 Z8k223 (Baffled flask)ol 50 ml12] R2YE Bl A
(FaR2L= 103 g/L, FF32= 10 g/L, 32H2FE 0.25 g/L, F3vladls 6573% 10.12 g/L, 7o) = o
A= 0.1 g/L, &% FZE (10%) 50 ml/L, TES buffer (5.73%, pH 7.2) 100 ml/L, $12HZ-F (0.5%) 10 ml/L,
AstdE 2985 (3.68%) 80 ml/L, L-ZE% (20%) 15 ml/L, "ZF A& &N 2 nl/L, FAFIEF (1 N) 5
ml/L)E FH7betar, of7]dl A& HES thdol 32 A" wjdrlelA 28T, 180 rpm Z7A °olE &
F AuiFE AANERAT. 2 okl 1 L] R2YE WA 7} H7bE]o] = 3 L 424 E2k23 (Erlenmeyer flask)ell
b Hujeret vl 10 mlE FESAT. HE Foll 28T, 180 rpm 7oA 6 St WS HAIEA
[e)

.]
g Fofl 1%} 34 FAHS F8] AAE 31-0-demethyl-FK520S F331% .

A, g Y dess HUbste] 302 < £ £
|ASHA A, dAE AAT FE2do tair= 3d F27] (Rotary evaporator)E ©]-8-3h
ZHE Fo &aA7IaL, 2w) &ZFe] oEHolAHo]E  (Ethyl
7k A EQITE. Fol EElE vheel $%
13l 55 Fo| FAE S48k, 14 3+ T3
FHAA FAG. ojw) AEpAe] F& 13 3¢ FAHY FE
| A& wesy} wadEzdel= (< 1. 0:100, & 2.
101, B9 5.0 100:0)E AFEEIAT. B 394 31-0-demethyl-FK5200] &H21F]
A FLIE o83t FF3taL IPLCE o] &3t HEZ o= A,

o M

= O
e
2

(ol
i
ol

oN

M
oF m
N
i

e

12

o

m>~

o,

N
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N

1 2
py
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ol
=
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>
2,
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a
)
offt
>
2,
= rlo
(@3]
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v
o
o
R
e -
M9~
™=
(]
Mo
18 M
o 12 38
fo
toty
N

Mo
()
ot
=
o
Lot
e
1>

6lo2 TAHE 529 31-0-demethyl-FK5208 9& 4 AT},

A z3 31-0O-demethyl-FK5209] 2l thg¥ o] AAEAct. FAHen, nAFsdAaZvELYy ¥4
(High performance liquid chromatography analysis), Z%&A] (Mass spectrometry), ¥WA7]3H &4
(Nuclear magnetic resonance analysis)g AA|&+ATE. 31-0-demethyl-FK5200] th3l &4 Ax= 7 83 & 31
a2 & 36ox2 AyEHW, ot AAEERH AL AidF AEfErfolA A FhumbolAEFEA A
fkbM, tcsB Hi= ~EFEnfo] A2 Fhubulo] HE] S22 A fkbM, tesDEF-E 31-0-demethyl-FK5200] AAHES &leh

T Al

X 8

2] EERE

DA ENA AR E Y] B HPLCS] o] EAE 45-55% OFMEUEZFENS A3 f%e 1
ml/min®] 3 205 nme] UV HE7]2 #4519t
olw2] 31-0-demethyl-FK5209] ™-& A|ZF (Retention time)- 34%9]
k.

q
A (ESI-HR-MS) Calcd. for C42H67NN3012+1800.4555, found: m/z 800.4561
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W3 carbon (ppm) proton (ppm)

1 169.30

2 56.64 4.58 (1M, brd, J=5.0
Hz)

3 27.92 2.05 (1H, m)1.90 (1H,
m)

4 21.42 1.38 (1H, m)1.74 (1H,
m)

5 24 .54 1.51 (1H, m)1.68 (1H,
m)

6 39.58 3.03 (1H, m)4.42 (1M,
m)

7 165.03

8 196.50

9 97.36

10 35.28 2.32 (IH, m)

11 33.01 1.52 (1H, m)2.16 (1H,
m)

12 73.92 3.39 (IH, m)

13 73.00 3.68 (1M, dd, J=10.0,
5.0 Hz)

14 75.06 3.42 (IH, m)

15 35.79 1.35 (1H, m)1.56 (1H,
m)

16 26.67 1.66 (1H, m)

17 49.02 1.80 (1H, m)2.17 (1H,
m)

18 138.99

19 123.33 5.01 (I1H, d, J=5.0
Hz)

20 53.34 3.28 (1M, d, J=5.0
Hz)

21 213.69

22 43.64 2.10 (1H, br d, J=15
Hz)2.77 (1H, br d,
J=15 Hz)

23 70.22 3.92 (UH, m)

24 39.97 1.89 (I, m)

25 77.80 5.33 (1H, br s)

26 132.47

27 130.07 5.00 (1, d, J=5.0
Hz)

28 34.93 2.18 (IH, m)

29 39.36 1.14 (1H, m)1.91 (1H,
m)

30 75.64 3.57 (IH, m)

31 75.50 3.36 (1H, m)

32 32.36 1.35 (1H, m)1.98 (1H,
m)

33 31.23 1.06 (1H, m)1.61 (1H,
m)

34 24.78 1.45 (1H, m)1.72 (1H,
m)

35 11.91 0.86 (3H, t, J7.5
Hz)

36 16.41 0.99(3H, d. J=5 Hz)

37 20.66 0.93 (3H, d, J=5 Hz)

38 16.02 1.59 (3H, s)

39 9.71 0.90 (3H, d, J=5 Hz)

40 14.20 1.62 (3H, s)

41 56.55 3.38 (3H, s)
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1

ou, n,
FCNR R gHSQC ElOlHERE, wadvl & 4242, WEAYF A4S Aol v 149 Aolde Fela 5
31, ketone BFA (8¢ 196.50) T=H ). 2D-NMR dHlolE]E =33 A3}, 31-0O-demethyl-FK5200.2 T4
H 9t}

B

32

o

EAEF 800.45632.2 ElE 6W SFELS EAT 800.4924 H 800.4927 v~ FAFSE EALE

32

ot

A A e 7: 9-deoxo-31-0-demethyl-FK520 A=

FK506% Aatshs w529l 2EFEvtol 2 Fhvputo]AlE]Ft20f thate] Ban, Y. H. € (J. Nat. Prod. 2013,
76, 1091-1098)°] 71w wWro] ulg} o]Fna} A% AZEF (Double cross—over homologous recombination)oll
o3t 1-Z < (In-frame) Z2A WHS AV&3}o] fhbD-fkbl 2 tesB FHR =5 fkbD-fkbM "2 tesD A A2
H &A1 32 Z#5le] 9-deoxo-31-0O-demethyl-FK5209] A<l AE=:NEulo| A2 Fhupmlo] AE]F A A fkbD-
fkbM, tcsB (Bl &  KCTC13582BP) B ZEMERLo|A2 Fhnto]AE]F 2 A fkbD-fkbM, tesD (FEHHIE
KCTC13585BP) & Al =&}t

FAR oz AWsA | FK506S Aatels AEFEnto| A Fhmtol ME|FE A TN fkbD-fkbil R tesB A
A} AL = fkbD-fkbM R tesD AR AE EAWMOIAE A FE7] ek Zbte] {31 AE pKC1139 ¥ E

ol FE238}o] Escherichia coli ET12567/pUZ8002% 71 &, A3t (Conjugation)s =&l FK506 AAAF ~E
AEnpo| A2 FhntolAE|F 22 P [AFSISITE.

TFAZ PHe 1o FAAHoR Q-2 Y (In-frame) FHAF A4 Z&4v]= (Plasmids)9] A<, F-21#F 2
A dF ARoz HAEE 4 9},

o-z#d  (In-frame) A2 ZAA Zg2v]= (Plasmids)e AZE - BA7+ MHME (E. coli-
Streptomyces shuttle) ME pKC1139E ol-Z g FAxt AAE sir ALgstHet. Zek~n|= (Plasmid) Al
e 2EEvol 2 Jhutel e F e feld E2v|= (Fosmid) DNARY-EH AHAE 918 %4 F4d2
o] 9%- 2 o=z-ol" AW (Left- and right-flanking fragments)®] PCR ZSZol ola) AAstATt. fkbD-
fkbi Frzke] A Sl 9%-93 Aol Zebolv 4 FkbD-MLE/FkbD-MLR, @ E%-14 ¥ o] Zojo]
™ 28 FkbD-MRF/FkbD-MRRS A} Th. tesB AR AAS -?'];HHT‘E &A% ¥

TcsBLF/TcsBLR, 28%-91% HHe Zloln| % TcesBRF/TcsBRRS A Al3HA tesD 32 A4S 98 E
fz-o1" dHe] =Zelo] 4 TesDLF/TesDLR, Q8- dH 9 JE‘ro]fﬂ ’*" TcsDRF/TcsDRRS A Al 5153 th.
PCR A9 25= Euldte] Hindl1I-Xbal T+ Xbal-EcoRIC 2 HAW3E o pKC1139 HEO] =Y 3T,

Ao A ALEE #5, FEav= L Lo didk ARE X 13 F 20 AR

FAA AA #F AFES ) A A= ® 1] 2955 t} A8l E A (Hydroxylase) @b 31- O-
HestgAg 3 AAsH] Y3 Eg2n =, pAkbD-fkbM= o T12567/pU28002°ﬂ £ & A3l 9
3 2EREnfo] 2~ FhuutolEF 2 U2 =9ty ¥4 xS *o% Mzgoz AAANAT, A4 Zgkx

neel ZEfIEntolAls Jhbuto] lE| S AMA] AbololA Wl wAaprE dold #FE ofxetmbolsl
(Apramycin)©o] A& 37T (pSGo-7]H-o 7 &= HAWGY (Replicon)E 93 H|-F2] 3 &%) A ofZ}nlo]
A-AEgAgel dv HHEHITT (Transconjugant) ] wjFo = MEEQITt. o] Sy FE Y+ 28ToA A
g glo] 33] S48 st 7+ WA wAE &agivk. 2719 @A ol wAk EdWol, = AfkbD-fkbME
ofZgjulolal-viztd o] WHEPYAZ MAEga, 1 Fo P(RZ FJslgal, Agdoz Mg E5 o=z &

LTS

ild _Il

AZSy fkbD-fkbU AR AdE A~E#AEnto| M4 Fhubalo] AE]FE A A fkbD-fkbMoll pAtcsB EE pAtcsDE
=3k fkbD-fkbl AR Ase WY TUE WHS o] 83l fesB AR T fes) FRAE AAAHT
A fkbD-fkbM, tcsB = A fkbD-fkbM, tcsDE= o Zelufolal-wiztAd o] g A2 Meslgia, 1 Fo PCRZ &<l

{0

tols, Aeden Y 8% waoz s,

o]

2,

248t fkbD-fkbM R tcsB AR AL #9 REFFEnfolA A Fhyulo] AlE]FE A A fkbD-fkbM, tcsBe 3+ A3
HyadTd WEAYPAE (Korean Collection for Type Cultures, KCTC)ol 2018 79 17Ux}= 7|etsloia
85 KCTC13582BP), [kbD-fkbM R tcsD A A #5¢ 2EHEwLo| M2 Jhnfo]AE]F 22 A fkbD-

~
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fkbM, tcsD%E A HFT ALY AEAYAE (Korean Collection for Type Cultures, KCTC)oll 2018y 79 17
A2 71gekdth (FERS KCTC135858P).

A7) Az AabgF 2ERErlol Al Fhubulo] AE]F 2 A fkbD-fkbM, tesB (578 & KCTC13582BP) & AE
AEnfo] A2 Fhumto] AlE]GE 2 A fkbD-fkbM, tesD (°EP®1E KCTC13585BP) 2] wlFs &3te 9-deoxo-31-0-
demethyl-FK520& Azsitt. FAA o2 Aoty vh53 2k, 250 mlo] WE 47 Z8k2~3 (Baffled
flask)ell 50 m19] R2YE ®jA| (32222 103 g/L, FF79= 10 g/L, SAZF 0.25 g/L, 43vtavls 657
sk 10.12 g/L, 7%= A= 0.1 g/L, &% F&%= (10%) 50 ml/L, TES buffer (5.73%, pH 7.2) 100
ml/L, SQIAFZE (0.5%) 10 ml/L, 324 293+ (3.68%) 80 ml/L, L-Z==9 (20%) 15 ml/L, vz Y& &
2 ml/L, FABIES (1 N) 5 nl/L)E F7ksta, 7)o ANEFE AF3 thgo 3d2 A8 ujekr]oA 28
T, 180 rpm FZNA o]E F<eF Mulgs HAAISHATE. 2 vhol 1 L] R2YE X7} H7lso] d+= 3 L A2
Zg 23 (Erlenmeyer flask)ol o5 FoF Aujudt wjded 10 mlS A=A, HAF Fo) 28C, 180 rpm %
AoA 6Y F< MEFS AAT. 647 G Foll 14 3¢ TBE T 4R 9-deoxo-31-0O-demethyl-

FK520& FZ3F3dth.

(o)}

12 3l 34 thed Zol AAEGTE. WA, wjgde] FFo HeEEs Hriste] 308 B EFE = F
A EE s dAE AASG L, dAHE AAST FE2H gl 3 S27] (Rotary evaporator)E ©]-83%h
F5E AAE FAT. 2 gsd w53 FEAS FZo &alATIa, 28] &9 o EotAHo]E  (Ethyl
acetate) & 7l + & £33 + v & g7 2 w7k AT, Fol By vkl A5 #7148
& gt olF A FLVE ol &t FFAVIL vF T FAE S5, 1A I TS AAE
o dol 7 FEAE Agrtdoe] F3E LS THAA FAvh. oluf AgstAe] ¢ 1A I T FE
N FA 15HE ARESIon, olFdE 57FA HlEe] WEREd dEdERdel= (#9 1. 0:100, + 2.
1:100, #< 3. 1:10, ¥4 4. 1:1, £ 5. 100:0)& AH&3Fct. 4 3914 9-deoxo-31-0-demethy-FK520¢]
< olgA dojxl & 3L IH FEIVE o)&ste] wFH3Fa HPLCE ol &ste HEH LR

ol FAAXAA EEIHY [35H4] 712 TAHE E4QA 9-deoxo-31-0-demethyl-FK520S A& & AT,

)

A %3k 9-deoxo-31-O-demethy1-FK5209] 8912 th-&3} o] A&t FAHo R, A ARrE LY
4] (High performance liquid chromatography analysis), %4 (Mass spectrometry), A7 4
(Nuclear magnetic resonance analysis)< 2AAJEFSITE. 9-deoxo-31-0O-demethyl-FK5200] tjgt 4 Axle= # 9
oF &= 37 WA & 422 A EW, olyd ARERFE AL AT 2EfEro] ML Fhumlo] BT A
fkbD-fkbM,tcsB Ty AEZEwlolAl~ Fhmpo] lE]F 2 A fkbD-fkbM, tcsDEFE  9-deoxo—-31-0-demethyl-
FK5200] AAHg S &el3h = .

9-deoxo-31-0O-demethy1-FK520 (EAF2] CyHeoNOy, HA}EFE 764.01)0] thadk B4 AxE s17]19 # 99 et

F9
A7) REE!
WA AREIY] A HPLCO] o] 5742 45-550 oMM EUE-LFE NS ARSI f32 1
ml/min®] 3L 205 nme] UV FE712 A5, ojujo
9-deoxo-31-0-demethyl-FK5209] & 2|7} (Retention time)S 24%-0]
Slct.
Eaa (ESI-HR-MS) Calcd. for CuHsNNaOy, :786.4763, found: m/z 786.4769
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W3 carbon (ppm) proton (ppm)

1 169.65

2 52.86 4.87 (1M, brd, J=5.0
Hz)

3 26.86 1.70 (1H, m)2.23 (1H,
m)

4 20.95 1.32 (10, m)1.72 (1,
m)

5 24.69 1.52 (1H, m)1.68 (1H,
m)

6 42.97 3.19 (1H, m)3.70 (1H,
m)

7 174.27

8 37.54 2.49 (1M, d, J=15.0
Hz)2.67 (1H, d,
J=15.0 Hz)

9 98.76

10 38.78 1.56 (1H, m)

11 32.86 1.60 (1H, m)1.94 (1H,
m)

12 74.61 3.41 (IH, m)

13 70.92 3.86 (1H, dd, J=10.0,
5.0 Hz)

14 77.21 3.53 (1H, m)

15 36.57 1.34 (1H, m)1.47 (1H,
m)

16 25.93 1.63 (1H, m)

17 48.49 1.64 (1H, m)2.33 (1H,
m)

18 141.30

19 122.26 5.05 (1H, d, J=5.0
Hz)

20 55.66 3.20 (1H, d, J=5.0
Hz)

21 215.35

22 42 .20 2.20 (1H, br d, J=15
Hz)2.64 (1H, br d,
J=15 Hz)

23 69.82 3.98 (UH, m)

24 40.05 1.85 (1, m)

25 76.90 5.20 (1H, br s)

26 132.76

27 128.90 4.97 (1H, d, J=5.0
Hz)

28 35.29 2.32 (1H, m)

29 39.45 1.12 (1H, m)1.88 (1H,
m)

30 75.22 3.53 (IH, m)

31 75.22 3.40 (UH, m)

32 32.32 1.33 (1H, m)1.95 (1,
m)

33 31.19 1.04 (1H, m)1.59 (1H,
m)

34 25.13 1.52 (1H, m)1.68 (1H,
m)

35 12.00 0.88 (3H, t, J7.5
Hz)

36 17.14 0.95 (3H, d. J=5 Hz)

37 19.09 0.77 (3H, d, J=5 Hz)

38 15.77 1.65 (3H, s)

39 9.98 0.86 (3H, d, J=5 Hz)
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[0216]
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[0218]
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40 14.68 1.67 (3H, s)
41 56.37 3.38 (3H. s)

1

H, “C-NMR 2 gHSQC Wlo|E] 25, B-AZ7F = 422 31-0-demethyl-FK5208} G418+ Axt2 md o}, A
fkbD-fkbM FAAZRE wrEo|Z CH, &87] (§,2.67, 2.49, §.37.54)7} #H=HAr}t. 7H &L 2D-NR
dolEl & &3st 47, 9-deoxo-31-0-demethyl-FK5200. 2 F-%244 ¥},

A A 8: 9-deoxo-FK523 A%

FK506S AJA4tshe 5% 2EfEulol M~ Fhvulo] ]2 tidte] Ban, Y. H. ¢ (J. Nat. Prod. 2013,
76, 1091-1098)°l 71A1¥ Wwol] wet o]F il s AZE3F (Double cross—over homologous recombination)ol]
o)k o1-ZefQd (In-frame) A WHE ALE3te] fkbD L tesB A4 9] v|&A4sE Z#3te] 9-deoxo-FK523
o] AYabtel AEMEROlA| A Fluuko] AlEIF 2 AfkbD, tesB ($7EPHE KCTC13579BP) & A2}k ict.

FAHFow HAYed, FK506S AMele AEHNETlol Al Fhulo) eI T2 FFolA fkbD 2 tesB A AR
A& EddolAlE Ayl fske]  ZzZbe]  FHAE pKC1139  #WEo] ZFR3}e]  Escherichia coli
ET12567/pUZ80022 &7l ¥, A3 (Conjugation)S B3l FK506 it ~EFEnlo|A 2 Fhulo] HEF 2
P Agsoit.

=

FAA gge wrh Ao d-xald (In-frave) FA7 44 Sehav= (Plasnids)el A%, $47 2
3% Adem 49 & At

ol-3Z )l (In-frame) 42 ZAA Zg2"l=  (Plasmids)d AzZe WAo-3A4d HAE (E. coli-
Streptomyces shuttle) M¥ pKC1139E QA-ZH Y FHA AAE fa)A AE8A . Egk2=7= (Plasmid) Al
2k ~EfEuto] A2 Fhuulol e F A2 RE fejE E2v = (Fosmid) DNAZN-E 2HAlE 91sh 24 f2=t
o 9&- 1l o =z_old H¥H (Left- and right-flanking fragments)® PCR ol oJs AAstdc}t. fkbD
Axte] AAE el e dF-AdF A =eho]w 24 FkbDLF/FkbDLR, LE%-2A% Awe] Xglolw 4
FkbDRF/FkbDRRS A AISFIAL, tesB Fraxbe] A4S flalAds 9%-A4 dHe] xefolw 2 TesBLF/TesBLR, 2
%94 Ay xgolw 4 TcsBRF/TesBRRe AASHTE. PCR HH EFE 83kl HindlII-Xbal HE+
Xbal-EcoRI &2 Attt o pKC1139 WEd &2 33th. & AAddA A8 o5, S = 3 Zejo]
Hol| tfgk A= F 13 X 20 AAISFS .

FAR Ad @5 AFE Y AAeE Sgan== § 1o 298k, €9 FAStE A (Hydroxylase) S A A3t
7] 93 Zekau=, pafkbDE AT ET12567/pUZ800200 %71 5 Aol ols) ~EgEnto]A2 Fhjulo] A€
F2 U2 E9dte] 14 FHAE e Axdor AAAFY. A4 Zgav| et ~AEREnto|A 2~ Fhwlo]
AEIF22 GAA Alojoll A ©@d waprE Aot FFE= ofXetebolal (Apramycin)©] U&= 37T (pSG5-7]E o2
st BADY (Replicom)E gt H]-F24 F&2E)oA olxgtulolil-Agdo] Qv IAAEHIATT
(Transconjugant )] ®joko & Melsiqic}. o H Z2YE 28TellA Ad glo] 33 S4& 433k

HA waks 383k, 2719 @ olF uxp EAWo], & AfKbDE ofxgmtolal-wighd o] P AR

z |

9l o Fol PR SHelehglm, Agz 2% 2Hoz A,

lo & Iy
x4

A28y (kb SRR ALE AEZEdlol A& Jhubufol MlE]FE 2 AfkbDe pAtcsBE E9)Ste] fkbD AR A
3 FL3 WS o] &3] fesB FAAE AAAAT. AfkbD, tesBiE ofEElulolal-mizkAd o] whd A
51

=]
H .
2 Agelen, 7 Fol PR ASR, AuHon A 25 pHon s,

AN fkbD, tesB AR AE A5 2ESEvRolA 2 Jhbulol AlE|F 2 AfkbD, tesBE AW e A
AEAAAE  (Korean Collection for Type Cultures, KCTC)oll 2018 d 7€ 172 7|3t (FEHE

KCTC13579BP).

A7) AzLgE Ayrkd T AEEnfo) Al Flbulo] M E] T2 AfkbD, tesB (F7EPHE KCTC13579BP) 9] vl kS &3}
o] 9-deoxo-FK523& Alx3}¢ith. FAA o= Awystd tha3 Zvh. 250 mle ®E A2 Z2k~3 (Baffled
flask)oll 50 ml¢] R2YE ®jX] (329 = 103 g/L, FIZL= 10 g/L, F24F 0.25 g/L, g3haladls 65
shE 10.12 g/L, 7% A= 0.1 g/L, &% F&%= (10%) 50 ml/L, TES buffer (5.73%, pH 7.2) 100
ml/L, QIAFZE (0.5%) 10 ml/L, 324 2543H= (3.68%) 80 ml/L, L-Z==% (20%) 15 ml/L, vz Y& &
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[0220]
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[0224]
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©, 180 rpm ZAGA o)F ek Aujde AN, 1 thgol 1 Le] RAE WAsF AbEo] gl 3 L Azt
wle Wigkel 10 mlE HESTH HF Fol 28T, 180 rpn &

il

2 ml/L, ARG ESR (1N) 5 nl/L)E F7kstaL, of7]e] AisE HE3 vhaol 344 5 wjr]olA 28
1

B

Z2t2~3 (Erlenmeyer flask)ol o]& &<t

AollA 6 st wiE AASAT. 6943

e o 12} 34 A4S Bl AAtE 9-deoxo-FK523S FE3}91
o}.
12 39 4L vy Zo] AASAT. WA, wjde FEe wWEgES Hriste 308 B EE & F
AAEE s dAE AAS L, FAE AAST FE2H dsidE 3 S27] (Rotary evaporator)E ©]-83%h
FES AAE FAY. 2 gL w5 FEAS B &8z, 28] &3] oEolAElo]E (Ethyl
acetate) & 7} & & £33 + vhs 5 Y7 @ wzbx] BRI Fol EEE vl 959 f7]Eu
S5 3t ol I FLIIE ol&ste HFAL vF Fo FAE AT, 14 35 FAHS HAAIS
o do] W FZFAE Aol FXE ZAHES THAA FAT. o AeFtAe] e 1A ¢ FAHY FE
o A 1581E ARESII oW, o]Ee 574 Hl&S] wWeEy wdASReel= (F9 1. 0:100, &9 2.
1:100, ¥ 3. 1:10, ¥ 4. 1:1, ¥4 5. 100:0)E A3 th. £ 3904 9-deoxo-FK5230] &l t),
olgAl Aol B 32 I FLINE o]&ste FFH38aL HPLCE o] &3te] HTH oz HA AT,

olF TAAZRAA ELPE Y [8H] 8]2 ZAIHE EHQ 9-deoxo-FK523& & F AT

Az 9-deoxo-FK5239] SHQlE thgrah o] AAlsiglt. p#AMoR, udeaAaREaY 4 (High
performance liquid chromatography analysis), ZA%E4 (Mass spectrometry), A71EH 41 (Nuclear
magnetic resonance analysis)< AA8tRTE. 9-deoxo-FK523¢] tdh £A Ay #1038 = 43 R = 48%
A, olgdt ANERFE AL AakdF AEIEROlA A Fhulo] ME]F 2 AfkbD, tesBREHE 9-
deoxo-FK523¢] A4t S gRle o AT

9-deoxo-FK523 (=R} CyollggNOyp, A 764.01)00 tigh &4 A& 31719 & 109 YERSIH.

I 10
=2 iR
AR AR E ) Y HPLCS] o]5/dE 45-55% CoMAEUE-FENS Agelgli 32 1
ml/mino]A 205 mme UV #HAE7|E A8k, ool 9-deoxo-
FK5232] W F& AJZF (Retention time)& 243%-o]lt}.
) 2EE A
A (ESI-HR-MS) Calcd. for C42H69NNa011+3786.4763, found: m/z 786.4769
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W3 carbon (ppm) proton (ppm)

1 169.61

2 52.59 4.85 (1H, brd, J=5.0
Hz)

3 26.87 1.70 (1H, m)2.24 (1H,
m)

4 20.70 1.31 (1H, m)1.72 (1H,
m)

5 24 .42 1.51 (1H, m)1.68 (1H,
m)

6 42.65 3.19 (1H, m)3.69 (1H,
m)

7 174.23

8 36.25 2.51 (1M, d, J=15.0
Hz)2.70 (1H, d,
J=15.0 Hz)

9 98.70

10 38.72 1.58 (1H, m)

11 32.84 1.60 (1H, m)1.94 (1H,
m)

12 74.60 3.40 (IH, m)

13 70.90 3.86 (1H, dd, J=10.0,
5.0 Hz)

14 77.11 3.53 (1H, m)

15 36.48 1.34 (1H, m)1.47 (1H,
m)

16 26.30 1.50 (1H, m)

17 48.49 1.65 (1H, m)
2.32 (1H, m)

18 140.43

19 123.48 5.17 (1H, d, J=5.0
Hz)

20 53.45 3.21 (I1H, d, J=5.0
Hz)

21 215.35

22 41.74 2.21 (1H, br d, J=15
Hz)2.66 (1H, br d,
J=15 Hz)

23 69.99 4.01 (IH, m)

24 40.68 1.90 (1H, m)

25 76.62 5.22 (IH, br s)

26 132.71

27 128.92 4.98 (1H, d, J=5.0
Hz)

28 35.13 2.35 (1H, m)

29 35.13 0.93 (1H, m)2.01
(1H,m)

30 84.43 3.00 (1H, m)

31 73.80 3.39 (UH, m)

32 32.87 1.34 (1H, m)1.98 (1H,
m)

33 31.44 1.06 (1H, m)1.61
(1H,m)

34 17.13 1.18 (3H, d, J=5 Hz)

35 17.13 0.96 (3H, d, J=5 Hz)

36 18.87 0.78 (3H, d, J=5 Hz)

37 16.08 1.63 (3H, s)

38 10.12 0.90 (3H, d, J=5 Hz)

39 14.79 1.66 (3H, s)

40 56.38 3.37 (3H, s)

41 57.90 3.37 (3H, s)
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9-deoxo-31-0-demethyl-FK520 ¥A}eks} 53 RBxpep zbm glowm] | H, C-NMR 2 glSQC wlo]E| 25
A7 & 42702 w9 A FEE Bl o, 9-deoxo-31-0O-demethyl-FK5203} &2 wHEA] (84 3.41,
§¢56.81)7F 71 BZEAAL, CH, 247|7F & /7 & #5542 o|AdAYS 0T 4 AU}, gC0SY

25E proton®] AZAE FRlsk A7, H-2~H-5AF0] 9] couplingl ZH-E] & 3}3HE2 pipecolyl Ao E1E
1, gHMBCEZF-E doublet couplinge.@ T = WE7](§41.18, 6 17.13)7F C-21 (85 3.21, & 53.45) A}

olol A% correlation®] o|FAE AL ZRE], FK523 FElS o] FE methyl7} C-210] EAFS & t}t. o
2EE] 9-deoxo-FK5230.2 FxZAA3I}.

AA e 9: 9-deoxo-31-0-demethyl-FK523 A%

FK506S AJAtshe 5% 2EfEuloly A Fhvulo] g2 tidte] Ban, Y. H. ¢ (J. Nat. Prod. 2013,
76, 1091-1098)°l 71AH Wwe| ueg} o]Fuz} s AZF (Double cross—over homologous recombination)oll
013k 91-Z g (In-frame) A2 WS AFE3lo] fkbD-fkbi 2 tcsB TR HEAsLE % 3Fe] 9-deoxo-
31-O-demethyl-FK523¢]  AJAbQl  2~EfEufo]h 2~ ghywlo] ME]F 2 AfkbD-fkbM, tcsB  (FEPHE
KCTC13582BP) & A 2F3t3itt.

TAA o7 Ausl | FK506S AAMslE AEMERLo| AL Fhuulo) AE|F A 5ol fkbD-fkbl B tesB A
29 AE EAWolAE A sk ZAbe]l fHAE pKC1139 ¥WEel E=2Y38te] Escherichia coli
ET12567/pUZ8002% %71 ¥, 43 (Conjugation)S E3a FK506 AAraa AEZEnlo| A2 Fhulol el F AR
P4 Aot

AL e no FAF o R Q-2 <}l (In-frame) A 24 Zek=v= (Plasmids) o] A%k, Fda 2
A w5 Xﬂﬁ_‘li A 5 Ao

ol-3Z )l (In-frame) A4z ZAA Zgx"l=  (Plasmids)d AzZe Zo-3A4d HAE (E. coli-
Streptomyces shuttle) ¥H pKC1139& I-Z#¢] Fd2 AHES AsiA AFEasitt. Ze2~r= (Plasnid) A
2k ~EfEvto] A2 Fhuulol e f A2 RE feje E2v = (Fosmid) DNAE—‘?—H AHAE A% 24 FAA
9] gd&- 2 o=&-_olx HH (Left- and right-flanking fragments)® PCR X 3] AAsFHT). fkbD-
fkbi FrAazte] AAES Sl d%-A% due zetelw 4 Fka—MLF/Fka—ML . LEE-UR o =Zeto]
v % FkbD-MRF/FkbD-MRRS AAISIATE. tesB AR A4S dsire 9F-Adx Ay xojolw 4
TcsBLF/TesBLR, 2B8%Z-91d d#e] Zgloln] 4 TcsBRF/TcsBRRS AAEATE. PR AW HEFE Hd
HindIII-Xbal B+ Xbal-EcoRIC. 2 Awhgh Fo pkC1139 HWH ] F24 3ttt & AAdeA AR 75, &
g 94 Zglolmof gt ARE % 13 1 290 A

A Ad 7F ALE A8 AR Fetav = R 10 Qofelgittk. €9 FabstE A (Hydroxylase) 9k 31-O-
WE s g A2 3 AAs7] 93 ZeAn =, pAfkbD-fkbMS Wt ET12567/pUZ800201 %71 % %gto] <
3 ~EFEuo]y 2 Fhulo]lqEF 2 &2 E8)8te] B4 FAAE e AxFos AAAAG. A4 Fes

2=
y =

nEgt AEfIEvo|AL Fhumlol e A Atelol A dd AL dojd wFE ofEefulolll

(Apramycin)e] Sli= 37T (pSG5-7]:2.2 &f= HAIE9] (Replicon)E $1% Hl-F2] 3-&25= )4 ofzefulo]

—XFSL/‘*O] A LGS (Transconjugant ) o] vl oz MEeqitt. o5 FHE ZFEU = 28ToA A

g flo] 33] SAS st 7 WA wAE s &siivk. 271 2dE o] =AWl 5 AfkbD-fkbi&
B

ofN -
=
N

3] = ]
ohstoiobold-nigh sl wAY A AsRa, 1 Fol PRE Aeldeln, Addew Ad
SEEES
ARG fkbD-fkb AR Aeg ~EEvlo|A2 Fhulo] MEI T2 AfkbD-fkbMl pAtcsBE E§)3Ho]
kbD-(kbI A7 AL P7 A PHE ol 8dte] resB FAAE AHAZTE. A fkbD-fkbM, tesBi obZ e}
nlolAl-T 7k o] W PA R AMEsFa, 1 Fo P(RE &5y, Aedorg My EF EXoz Qs

AR fkbD-fkDI B tesB A A Q) AERERROA A Fhuulo] A2 A fkbD-TKbM, tesBi @A
Byt AAEAYUAME (Korean Collection for Type Cultures, KCTC)ol 20183 7¥€ 17Uxt= 7| &akqlch
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[0240]
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(4P S KCTC13582BP).

A7) AzLgE Ayrkd s AE#Evfol A2 Fhubulo] AE]F 2 A fkbD-fkbM, tcsB (B S KCTC13582BP) 2] Bl 4<
E3}o] 9-deoxo-31-O-demethyl-FK523& A x&tqict. FA 4oz Adstd o3 Zo). 250 ml9 HZ 44 =
@k2= (Baffled flask)el 50 mle] R2VE ®iA] (3292 103 g/L, FF39= 10 g/L, S24H 0.25 g/L,
AgulvlE 6535 10.12 g/L, 7= AXNE 0.1 g/L, &% F=E (10%) 50 ml/L, TES buffer (5.73%,
pH 7.2) 100 ml/L, QqA4HE (0.5%) 10 ml/L, |32F 253E (3.68%) 80 ml/L, L-ZE% (20%) 15 ml/L, W
Foda &9 2 al/L, FASHESE (1 N) 5 nl/L)E #7star, of7le Aia+5 FHEe ool 64 1%
HjFE7loll A 28T, 180 rpm FZielA ol& &< MwiFS AASHTE. T thol 1 Lo R2YE w7} H7hE o] QL
© 3 L A7 =¥ (Brlemmeyer flask)ol o5 &¢F Auiger vkl 10 mlE HFe3. HF 5ol 28T,
180 rpm ZZA 6Y Bl wigS AAIEATE. 64z wlF o 12 3¢ FAHS T8l AAHE 9-deoxo-31-0-

demethyl-FK523S& FZ3}9%it}.

12 34 4L o2 Zo] At WA, wjgde FTEo wgEs HUbste 308 Tk Ed & F
AAEE s dAE AAS L, FAHE AAS FE2H dsidE 3 S27] (Rotary evaporator)E ©]-83%h
FEE AAE FAY. 2 ggd w53 FEAS B gsiAr)a, 28] 8% o EolAEHo]E  (Ethyl
acetate) & H7F & & £33 & v & E7F 2 wizkA HASIGIT. Fol ¥ vkl A5 #7148
& IFetal olF A FLVE ol &dte] FFAVIL vF T FAE A5, 1A I TS AAE
o dol 7 FEAE Aol FE LS THAA FAvh. oluf AgstAe] Fe 1A I T FE
N FAQ 158]E AMESIGlen, o|F e 57k Bl&e WE&y WydIRee|= (9 1. 0:100, Y 2
1:100, ¥ 3. 1:10, ¥4 4. 1:1, £ 5. 100:0)5 AH&3Fct. 4 3914 9-deoxo-31-0-demethyl-FK523¢]
AT, o]FEA Aozl BN 3L W FEE ol&dte] FFEa HPLCE  olE3te] HT A=
A8k

o2 TAAXAA o [ 912 FAHE 229l 9-deoxo-31-O-demethyl-FK523& 4& 4= AT,

A3k 9-deoxo-31-0-demethyl1-FK5232] 12 th&3 o] AAsitt. FAHoR, nA5AAIZrE 1 ]
2 (High performance liquid chromatography analysis), ZA#Z%24] (Mass spectrometry), A7]EH 4
(Nuclear magnetic resonance analysis)< A3 TE. 9-deoxo-31-O-demethyl-FK523°] th3t &4 ZA3e &
117 & 49 YA & 542 A=Y, ogfst ARE2HY ALe YdadsT 2EFErO|A| A Fhulol g F 2~

A fkbD-fkbM, t csBEF-E] 9-deoxo-31-0-demethyl-FK5230] AAtE S ste1d &= ¢lgitt.

9-deoxo-31-0-demethy1-FK523 (A2 Cu;HeNOy, A 752.01)¢ theh B4 AxE 37]9 # 11 Jehid

x 11
=4 A s
Ads A ARET T 4 HPLCS] o] 57> 45-55% oMM EUELFE NS AFESIglal f32 1
ml/min©]$AaL 205 mne] UV HE7]2 4830, oo
=

9-deoxo—-31-O-demethy1-FK523¢] ®F& A]7t (Retention time)S 17%9]
S,

o (ESI_HR_MS) Calced. for C41H67NNa011+:772.4606, found: m/z 772.4612
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W3 carbon (ppm) proton (ppm)

1 169.63

2 52.83 4.90 (1, brd, J=5.0
Hz)

3 26.88 1.70 (1H,
m)2.24(1H,m)

4 20.70 1.31 (1H,
m)1.72(1H,m)

5 24.70 1.51 (1H,
m)1.68(1H,m)

6 42.89 3.21 (1H,
m)3.72(1H,m)

7 174.26

8 36.25 2.51 (11, d, J=15.0
12)2.70(1H.d, J=15.0
Hz)

9 98.70

10 38.72 1.58 (1H, m)

11 32.86 1.60 (1H,
m)1.94(1H,m)

12 74.59 3.40 (IH, m)

13 70.90 3.86 (1H, dd, J=10.0,
5.0 Hz)

14 77.11 3.53 (1H, m)

15 36.48 1.34 (1H,
m)1.47(1H,m)

16 26.30 1.50 (1H, m)

17 48.37 1.65 (1H,
m)2.32(1H,m)

18 140.38

19 123.50 5.17 (1H, d, J=5.0
Hz)

20 48.04 3.21 (1H, d, J=5.0
Hz)

21 215.35

22 41.79 2.21 (14, br d, J=15
Hz)2.66(1M,brd, J=15
Hz)

23 69.99 4.01 (1H, m)

24 40.60 1.90 (IH, m)

25 76.70 5.22 (1H, br s)

26 132.80

27 128.83 4.98 (1H, d, J=5.0
Hz)

28 35.21 2.35 (IH, m)

29 39.38 1.17 (1H,
m)1.91(1H,m)

30 75.71 3.43 (1H, m)

31 75.17 3.36 (1H, m)

32 32.24 1.34 (1H,
m)1.98(1H,m)

33 31.20 1.06 (1H,
m)1.61(1H,m)

34 17.09 1.18 (8H, d. J=5 Hz)

35 17.13 0.96 (3H, d, J=5 Hz)

36 18.86 0.78 (3H, d, J=5 Hz)

37 16.09 1.66 (3H, s)

38 10.08 0.88 (3H, d, J=5 Hz)

39 14.73 1.67 (31, s)

40 56.38 3.37 (3H, s)

41 57.90 3.37 (3H, s)
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H, “C-MR 2 gHSQC ©lolE]ZHE |, BAadst & 41702 9-deoxo-FK5239} ], WEA 17)7} REFS oF 5
ATk, ol¢} A, AfkbD-fkbM FHAAZRE] wEo]x CH, 287] (6,2.70, 2.51, §¢36.25)7F =5},

2D-NMR ©lo]E| & &3k A3}, 9-deoxo-31-O-demethyl-FK5230.2 F+ZZAA AT},

AAd 100 9F ATt S5HES] HAAAGY A}

9% 2lI4fF s WYAAEA A AEE B4 QAMER (In vitro) T-4

143: 718726, 1989)= ©]-&-3] Z*}o}%} D4+ T AFE7F RAEE 2 Wogukge] dojuhal 9leg RnefF
= A EE D4+ T AES Cell Trace Violet (CIV)o.2 giAate] AE7} Mojubge] we 2y

F Sk Aol ZF AlE CIV BfEo] #Aaxe 4o YelyrE=z o5 X x=2

J= 5 FAISHITE.

>~1 N

6~85<2 B6J HEE FH2 A2} (Spleen)ZH-E TAE @mgecmné-Qﬂﬂﬂ.%@ﬁmfaMMeﬂMT

cell Enrichment Kit (eBioscience)E Al£3lo] (D4+ T A¥2 2a3drt. D4+ T AIEZ Cell Trace  Violet
(CTV) Cell Proliferation Kit (Molecular Probes)® @A 3}al FK506 X+ 9% Al4F 3}E2 0.01 ng/ml, 0.1
ng/ml, 1 ng/ml, 10 ng/ml, 100 ng/ml, 1000 ng/ml E%7} A H7}8k thLo] 72A17F S wekstaich, T A
) %@'E-AJIMmMMS Mouse T-Activator CD3/CD28 (Gibco)E AF&3ITE. WExTt=e A EA &
2 T AIXEE AL T, ol o FAIE £2497] (flow cytometry)Z CTV % (intensity)E 243} ).

A71E8 olgste] CIV 4%gd 543 2oz T AX 524 AEE HoFol,
124 =S BojFEt, 37 E 12s>Jr % 550 R npe} o] HEeddw

7] & 129} £ 555 SA X
FK506 2 9% Al5f

ol M AlAstaL 3l

x 12
Structural analogs Immunosuppression
IC5 (ng/ml)

FK506 0.027

9-deoxo—prolyl-FK506 268.3

9-deoxo-FK506 0.513

31-0-demethy1-FK506 0.246

9-deoxo-31-0O-demethy1-FK506 15.09

9-deoxo-31-0-demethyl-prolyl-FK506 886.5

9-deox0-36,37-dihydro-FK506 14.1

31-0-demethy1-36,37-dihydro-FK506 1.723

9-deoxo-31-0-demethy1-36, 37-dihydro-FK506 45.87

9-deoxo-FK520 24.98

31-0-demethy1-FK520 3.273

9-deoxo-31-0-demethy1-FK520 258.1

9-deoxo-FK523 1985

9-deoxo-31-0-demethy1-FK523 3378
oleig An=RE, ® wio] ujE 9% A3 SEEEo] FK506el Hlilale] WA Bl AA AAHALE
sheld & AANew, 9% At FiHEo] HA 1000 o] ICy (ng/ml) $=E Hd wel WAL o
A A AEE AT F JJATh. olZHH 9F A4t SgE 5 MY s o dE FEAAELR xdStE
MNAA A3l o e Xn§ oFstA AdEo] WHAAZA 7|Qlgk F2hgol digh d¥ flo] AHEE &
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AAd 11: 9F A4 SFEES] NAAX AHAERA X FA (Un vitro)

9% At 3gEo AAME AHF £2%5E A= PC12 A|¥E (Pheochromocytoma cell)E o]-&3ke] Mo, S. J. ¢
os) Ba® W (J. Am. Chem. Soc. 133: 976-985, 2011)ol] wa} zA}sbich. A2 o=z A7) PC12 Al
o NAE7] F2S fxsteE A7 A 9 (NGF: KOMA Biotech; 10 ng/ml)E 96A17F 5ot g8,
A2 Alell FK506 T+ 9% Alqt 3dE 5 s I AYsigia (M2 s%: 1 ng/ml, 10 ng/ml) thET:
ol AE a FA FUrh. AAHET Hole 3td AMKS ol &ste] y|Ed By WY (J.

Pharmacol. Exp. Ther. 302: 1278-1285, 2002)°) w&} =4 3s}gitt.
=]

o & H =

I A3E = 5690 AAISAT. = 5604 & G o] E oube] At FFHE 9T % AA H24F A4
(neurite outgrowth) &IE YelNAT}. &, 2 Ao Ayt 33E 952 53 AAMNE Y SH5E %
I YSe g 4 Ak 53], HE % 1 ng/ml FF-oli 9-deoxo-FK520 2 9-deoxo-FK5239] 7%

FK5060] H]3le] -3k A7 FAF AAFHE HIPow, g 5% 10 ng/ml B$o+= 9-deoxo-FK520, 9-
deoxo-FK523 % 9-deoxo-31-0O-demethyl-FK523¢] FK506°l ®]sle] $-=3F A7 F2F AAaHs HYS A
A Y. e, 2 dge iE 9% A9F FAIAESS AAA A3 o) e X3 H5Hoz Agd 4 9l

tha AEAE UG

AA 12: 9F ANt 33| AAFA A% X8 &3} gl

9% At SIsbEe] AAA d3 A8 a¥ IS AAS ST FH=C 9F A9 SIRHE A4S R o
BBB HIZE % 8= 93 HAEE Fasto] ZABIGITH. FAXHCZ = AT 220 ¢ A= 2/1dE 47 A=
(Sprague-Dawley)oll thale] A7 &4 =< (Experimental Neurology, 176: 143, 2002)<S AASAT. A4
T2 25 mg/mle] AP (Ketamine)¥} 1.3 mg/mle] H3¥F (Rompun) EFE 2 mg/kgS Folste] 443 mlH A

Pof L2 BRHFSZLAA <% (L2 Ventral Laminectomy)S AA)sl= W2log F=3stgct. AA A= =

71
o] A2FE dil wpola = AR (Microrongeur ) S ©]&35te] AEF=FH (Arcus Vertebra)2l #FHe|ZF F-99

S 3 (1m)S W oge o] FHyo Egol= & (Blade Holder)9 ZdS st a2 (Dura Mater)<

2

A BBFFHe] 905 RN R o] Aol BY Rgle] g4 Yk, o F, AFAREY B9
of %2524 (Dorsal Musculature) & BHI I¥E +48 290w ABNYoRH A4ed 548 4
Astdth, AFER FES v F AEE RS Buslel Fo AL §AA7L A& PY 24
(Autonomic Bladder Control)e] 13 8139 w7bx of 7917k Q) 3 U]X 43]% =3 ofeje vhAlAs}e]
e NERS MEAAL. £E A £ olFe Fhd g8l AF 100 gF 5 mgel FAEA AT

9}
(Cefalexin)< W =& U =A}stg),

AAA A3 A5 a3 E0S A% BBB HAES ¥t 93 HAEE AAEY e 4Y HAEH
AASH I, T 39del Pds D E7lsel g 71 JrrE AAse] 9% At FFEY Fo & A
vl Akl BBB HAEE HEE xWol A £ EEAIZHA dhio] Wa 4583 @k
HAEF, A A9, doel-dAny 3x, ny A4A 534 ZE 7iFel we A4-E A 03 Aele] &%
Sol gl Aem A AU 218 A By e Aow AU, 2P= 93 HAEE o
=7 1m Fole 4 HyES ZA st A HHe TS FHrista, vAaEd BS Ugd g S
ol 93 2HFE BASo A AFg AFse] 1039 Aee H=r) FRFHOR AA £ Buk ol
tElE ARHor 28T ¢ gSs YERAL, 0 WX 139 Aa4e E4bo] flal AAAR A s s U
Bl E= Aog AT

MNAES 75 olF 3UA el BBB HAES 18E 93 Eﬂ EoA A A2 B F= 100vEE 99 A
Aete] o]Z F 107] ZFoE UFL A2 T8 AXE 38Y7 AR (G1: F8A vjd A7 o, G2: 5

mg/kg £F S E 9-deoxo-31-0O-demethyl-prolyl-FK506 HH‘” AT B9, G3: 5 mg/kg €302 9-deoxo-36,37-
dihydro-FK506 i 5 Fol, G4: 5 mg/kg £H 2 31-0-demethyl-36,37-dihydro-FK506 ¥ 75 Fof,
G5: 5 mg/kg & O 2 9-deoxo-31-0-demethyl-36,37-dihydro-FK506 w1 7+ Fol, G6: 5 mg/kg &HO 2 9-
deoxo-FK520 "l AT T, G7: 5 mg/kg £F OS2 31-0-demethyl-FK520 " AT Fo, G8: 5 mg/kg &FC
2 9-deoxo-31-0-demethyl-FK520 v A7 %o, G9: 5 mg/kg 8F S 2 9-deoxo-FK523 wjd 7+ Fo, G10:
5 mg/kg £ 2 9-deoxo-31-0-demethyl-FK523 mid 7+ Fol),

k1

AREG Fe F 3GANH 15 AoR BB HAE 3 agls 94 HAES £33 da = 57 5
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