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Combinatorial Biology0f| 2|5} Aig|&A

de 2w AL vIAES 23 Adale] Alojefst 22
HAEA A7 23 el E AP opvkx 28 7o)
-, Whitman®] 7123} o] & 2pde] W3Rt ohiet A
o] TAsh: A U AR 9 slge] o]E9) T84S
' Zlol7] wjio|r}1-3]. £3] A 2L 7|& F9| combina-
torial biologye] & alct.

19983 = v} Ak4d v] A -E-8}3) (Society for Industrial Micro-
biology, Aug. 9-13, 1998, Denver, Colorado)?] ¥z} ol
methymycin®} picromycin®] A4 42kl g A4
£ AN Y. Xuerb 294 =EAe BYeH4). 7 ATHE
& V4 dAbEde] S50 T2 ebde Susiels v
7-&d) o]F2l A2 o)n] PNASo| W uH =F-S AR 3}

) S 1z
HAlS Fa

v a] 38 RPaF el 89 Al s EA Y AP
2 o]ojx] w5533 A off MREF Y TH6]. o] A2 A H R4
o] 5 uvletew 3 A =1E F3§1EsH(combinatorial
chemistry)?] oA} B4ehs IS v F 9ot F A
gl FAE gene clusterg 7773151, o] & vlek o2 B3bA]
thdAEAre] 234 22t o3 AFAH 2= Al B
AT AAkE] s wgelrt o]9} o], A2 A7 AxE
%) (lead compound)e] A A|¢} 1 FEA 2] A YA Wil
2hiz A oA Bl gl 7o)t

37lell AFA AA]=+= 817} combinatorial biosynthesis
SloH7, 8], olv] A1} b wraEe] shiz xjejake com-
binatorial chemistryx= HTS(high throughput screening)} 4
Elo] 1 Z8Al0] o]v] HIE Y, HHY 7|ETHE W
M2 sed Rt SASREES BEeT Ut olHe
2424 S YA B2l 488 Aol combinatorial
biosynthesis 2 A}edel| At vheA R 4 7|72 w43l
Apeslof) 23} ¢+ 8] 39127 (unnatural natural products)
<yl o EAolw Auwg AEA AEubge|cH10]
o] v 22 ARA FEA7} T a2 I FAe) v)wA
23418 983l polyketideA] EA ol A A L= 1 gl=d], o]
£ polyketideA] E2-& module 3J&]2] &3 544 (PKS; poly-
ketidle synthaseYS 2 A o) L3t QlolA] A <A
W Eged 4ol Ue sk 1 Feoleh Az

15

S39| et

23 &) Azl Fu)oldiste] Santivge} AYE=2] Khosla
2+ o|n] o]l combinatorial biosynthesis®] ZHAf2-& <l
A18}51 Kosan Bioscience(Burlingame, CA, USAYE 35 4™
3o} PKSE ©]4-% AliF polyketide -5 7H'#3}5L Slet. Poly-
ketide 3}3H-8-2 A7t 100 2] 713ke] ofke nole 58
& BATFOR, T5L 4T 9] AT BAS WE ool
G ol7] A8l BxprEe] WEE fxska 9ot ol &2
erythromycin®] 173} 6-deoxyerythronolide B(6-dEB) A5+
8-HA}e] site-directed mutationS- 7Fst7 ol A d mutant
o] wjekEoll ‘mot FAAEALE HIN of of BRI V]HR
q12]s}e] polyketide®] A4S AlEsH= mutant2X-E| Hd
E- "]4=&H(natural-product-like) B]H < polyketide’®] library &
TE3HA et

o] 9} 7ko] combinatorial biology+- T A& thAl ALE-2 5-E]
A& A9 d2irtoli] library S8l oj3F £2} vhekA
1o dziriq) o 2 A5 AT ol o]y sh= vhe] A
& 5] o2l WA AL L A A 717
AZshe, 1 /g o] AF3-E-L8- combinatorial chemistry2} &
F3kaL k.

2|3 o]&d HhH 2] 7]Zell= genomicsell HEk F23 7]
2477} 8790}, 23825} genomics] T4l chat s}
of o7} W22l Schuliz $34 JHBAE BF AT kin-
ase inhibitor & Ax}e) Zlelt}11]. 0] 5] A ES] T
A LS Aok HE 2E Ad83H @ combinatorial
chemistry} HTS®] -4l SJa 2134 ibrary®) 354, @
viekst 423 792 Wlgk gene sequence, @) ligand
gtell 243 ligand-protein A S A9 AU T 4 Sl
t}. ol & della] B, 23EA 2l 714, genomics®] A K, 1
g3 JATFR FR Fo] M2 N EA A7 3¢
=32 9Jo{A] combinatorial biology7} 43| polyketide#) 23
8} g WF-2A) ¢¢m o] 84} 31814 E(chemical biology)?
2] A Bolepe = ohE A WEkE: AAISL QlH12].
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Traditional Combinatorial
chemistry chemistry
Compounds per one 4 3,300
chemist month
Total cost $30,000 $40,000
Cost per compound $7,500 $12

Source: Persidis[9]7} Booze, Allen & Hamilton®] FA}R 715
U838 7E.

e 7127)77F =9 o] & o183} combinatorial I E-2
71E PRl AZE EATREE 4 = QS Aol o}
2}4] combinatorial biology= k4] *3H4-S 353k}, e
EAdo] MAE Al ite] diate] 2 Exlrxe] &8 HeE
Wela A 2 W] A8 A7 A 2 4 g AL
2 7]g=cH13]. B4 Q) A Aol = ojEF 10,0007
2] H3E F shivl Aoz Sol7ks AAR)7A)= o)
=124, A e7dv)s 3 2] olA)e] e ¥} aFdlE B
FlaL ATshs 7ol A7t oF 10 deie) AlAde] A
2 AlpgAle AlLE 3 9lon combinatorial W2} 2 Al
71eo] FA-8 FFHI AUt 2FEE] FHE DollA »
o) AnbA gl ubg ol wis 7iy] AP o] Hojurd.
Combinatorial ¥} 2] X|2he- library2] &8 2 A|3}=lc), of
W 7|Ed uet GuE, dAe] ydi=l= A F1 23
£ shape library[14]2}32 gk}, 9k DNA 233 I3 o)A -
ARl WslE FAET o] AL vl & AEA} HE
Eol| tlokA-g FofatAE ] Bl EL HEAEdE
€ library & 7438174 €}, ow] DNA 228 53 wighe
5 o L7} d3ks 7158 7k EAE 97) SeiAe
ol xA %35t 314 (combination)o] B Q3lc}. o] AW TLE
0]-8-3+ o] =4 %33l #Alo] combinatorial chemistrye} 2
@2}e]] 4] combinatorial biologyEh= 401 2 AlelAA =3ich.
71314 7 DNAE- o] 83 AgHA 9] 395 nlaLste] 7)

3
A
A
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E 2. Combinatorial WHH &

o] ¥]4=%F combinatorial chemistry$} combinatorial biology

Ardsta (F 2)9} 2t 3935 G449 cathepsin D A3 A
ZHEAY F1WE combinatorial chemistryE o]-8-3}e] %13}
S QleHIS]. Behe A4 ol A 2w 9t F
(scaffold).© 24} hydroxyethylamine coreS ZHHA 0 2 3lo],
FAlel Pl o] wkgo] 7hedt AN f713AS E8
718 ES library 2 g E sl gAAG] F/E A
2 AR 4 gl AL 10d0]n) A A2 library
size’= 24 st =3} libraryE ¥}l g3l o2 slR o)
213 =23 wigko 2, vhila) g F4-9] cathepsin DO} AA
TZof| A g Yo YES FAHE A libraryE A
Hizke Aol AA=Ect. d#, human growth hormone
(hGH)2] 73-$- A =3 DNAS} viral display 7)<l 28] A4t
== hormone ¥-3}-=- library 2 -1 3}git}. M13 phageol] A3
3} DNAE- packaging 3}3. 3243} protein receptorol] £3}4]
# o] receptorel] A¥}et= A ZFF hGHE coat protein . 2 Ht
H3he mutantE AEEhs A0S qHERIC) obe el S5 A
A7 o] EAR o2 EAIFAI(0Xx20% - - - -
20) o] 1854 uk=l 20'%0]e] AlA] A}-8-7 library sizet= A
N}, 1814, high throughput screening(HTS) ¥ robotics &
UM 2z oe= A ]l library size7}t uF-
A7\ 1 vjAgA o 2 2335 =3} & JoU) e
d] o] $jallA] protein receptors} ¥} A o] 7}l viral
clone-g Al 3} F-Esl= w2 A A5kaL gich

219] 748 oof|4] Bgk5o] combinatorial biclogy BFH-S-
sheta AEo XA Flgdat FihEE o] ollr). E3)
library size7} HZFE- o] & AEH 22 A7) A3 =}
F3A o] B star, assay W 2o A s A olglict. welA
o] Rokx 833, -2-25°3%}, instrumentation % computer
science7}A] 878 FHA 54L& 7 3L e S 7R
o] Hl= A A Xl & (16] =v AP HA 2 17(17]
o] 7}&slE = 2 o &= FA3] AABT Sl Feolo[vl(18].
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Methods Combinatorial chemistry

Combinatorial biology

Products Cathepsin D inhibitor
Small organic molecules

Solid-state, spatially addressable

Library type
Synthesis method
Theoretical Diversity
synthetic reagents)
Actual library size
Target molecule
Desired effect

Cathepsin D (protease enzyme)
Inhibition of enzyme

Greater than 10° (based on available

Two libraries, 1,000 members each

Screening method
Optimization?

Individual enzyme inhibition assays

Use of directed library starting with
crystal structure of enzyme complex

Human growth hormone
Protein site-directed mutants
Recombinant DNA and viral display

Greater than 20" (total randomization)

Greater than 107
Growth hormone receptor
Binding to receptor and antagonism of signalling
Collective screening of recombinant virus
Selection and amplification of

tight-binding viral clones

BEALA



Combinatorial Biologyel]l )3t A& &4

Combinatorial biology7} A-&%]+= #ol= tloks4] Hybrid
polyketide antibiotics2] A4}, vjefo] ole-2 vl 59 F-A A

£ Wi 7Fest A dRA T A, fAEEY]
WARE AL AAETE o[HANE o, §-A U =
ol Boa AU ligandsE AR 7 So] glovd HE
qeZe wiAd AAEANEA AEA 249 388 &
P 3l

Combinatorial Biology CHAIS 2A]
Polyketide 2&T

Polyketide-B-+= vFdo 5o A4 23 HAE-2 coe-
rizyme A-activated carboxylic acid®] 312 A} g}, Mo-
dle3j )8 polyketide synthase(PKS)y= ZF2te] &3zl vjct
“F module &84S AR 2b =tkele] AlsMalele} stereoche-
wistry & Agek AT S5k Ak Sl ol

At 2-3d7Ee] o2 A&7)E AR olAl= moduled-
=2 (modify)shAvt FA|3}ed hybrid £48 whEm o] WAE
247 M2S- polyketide®] 54 sk wlH o] combinatorial
bislogy 24 7154 sl el 91FEl 7€ 2 A=A
ui{7, 19].

Polyketide f= Tkt 25 71y 2]ofe] F43 I3
o |z gJc}{20]. }AA| erythromycin, tetracycline, methy-
mvein, 3+¢H4) doxorubicin, enediynes, 3 M| A| rapamycin,
F<506, antiparasitic A4 avermectin, nemadectin, 3}X1A]
arr photericin, griseofulvin, 41 &k<~%17)2F#) lovastatin, compac-
tin 2212 EE-°FE monensin, tylosino] 7 414 ofjo] ]
rapamycin®} FK506-& o]&u} bioprobeZ 4] A2} signal
tr':\:xsduction-ﬁ'—‘ﬁ off AFE-E71 % gioh22]. wWEbA] polyketideF

- A $48 YHEAEA ARt I w AR A
58 ATE + AT FAY B HE BATI)

PKSE vhx] 39 Z3j=lelAd 2gsied, 2 A3 =
A 58 Ausk A Frisdel qlold 4 xerlnig w
73] 7Veeta, o1zt WS E3} hybrid antibiotics®] AYAF
o] 7}gakeh23]. vhd F3A A Ho el 2R =719] poly-
ketide7} A=l Zlolxw, AAe] o) thE 7502 WA
5] sekA o2 MskE polyketider} AJ4HE Zleolw], A 4]
7+ Al = BAbdol $7H8l polyketideAHE-S A4k & )
o14] combinatorial ZtAH e} =} EF) tetracyclin®] YPA
off sl WFE-A(iterative) PKS ZFHthH=, erythromycin
aglycon?] A3H4-& Zrlsh= moduled] 2] PKS7} t}-2% com-
binatorial ZF¥de] 2] moduled PKS:= A2 t}E active
site-3 7FA| 3L 2} ©AALE 2§ W3l fedslr] wfelrt.

1) Neturally occurring compounds and their derivatives useful for investigating
memmalian cell function [21].

Ede oA &x 7
Combinatorial potential(CP; thefAl; library size}- PKSe] o
2] E4F 383} acyl transferase ATS] <=2}9} gene clustery]
2] module =& Mo 2 F20] 715581t} &, CP=AT, X (AT
x 4)¥ald] loading domain®} E014'8 AT4H AT, o, B2/}
£ Zo]E A5} malonyl transferase =8 AT, beta-carbon
modifier =& 4, 28] Meo] ¥ 2H2-3lc}. Erythromycin
9] 73 M=6, AT=322 |t Fo}x CP=10,000,0007} 74]4}%4
o} 2dd BAF M& 100]Ato| 28 B} tlokA] A2 93l
PKS9| combinatorial 232 o}F =Zxly & 4= g} A5t
polyketide®} combinatorial biology7} shi¥ o]&Ate 2 7
2] BE FX 2 87l #-8% 5 ol s¥ES i E &
ok AAtE .

Module3 & 4¢l PKS2] F+Z2] combinatorial A§3tAJ L] v
He o}&3 bt} Deoxyerythronolide B synthase(DEBS):-
erythromycin®] 2.3 ¢} 6-deoxyerythronolide B(6-dEB)Z A&
AgcH(2¥ 1). PKSY| loading domain-2 acyl transferase(AT)
9} acyl carrier protein(ACP)Z FA¥t}. 2 module-2- ketosyn-
thase(KS), AAT, ACP, 12| 3. A&}F=]+= polyketide A1&2] beta-
carbonS- WH3A7]E 37 A2l §4 domainl 2 FAIETH
PKS9] releasing domaina thioesterase(TE) 2} 7F3- cyclase 2
A3 ¥lct. o]2I3F moduled] ] PKS 729 vlwA wh<edt AFHA
b o 2 ols] AT domain®} X3}, loading domain®] ¥, beta-
carbon modifying domain®] W3}, stereochemistry2] 3}, PKS
module?] -§3t, chemobiosynthesis, post-PKS modification, un-
natural <:5o}|4] polyketide] 8}, 18] 37 truncated PKS9] =
9] 7Fsslrt.

Polyketide library2] A4 2
4= combinatorial biology2] v}
A& x}o]} Stanford HEte] 24l

2 o]& X3 STAS ANuksle

‘Kosan Bioscience'?] 3%

Chaitan Khosla®} 7.2] &

_L.L

DEBS1 DEBS2 DEBS3
A A A
r~ r )
module 1 module 3 module §

module 2 ™ module 4 = mememm—— odule 6

[ATACPKSAYKRACP KSATKRACP KS ATACP KS AT DHERKRACP D K8 AT KR ACP KS AT KR ACP TE>
| ]

(o]
" ) -
HOI [ Holt HO|»
H0| I HOL I
HOlI o
o

i, o
K /——

“on
8EB

DEBS is deoxyemhmyhde B symhase The active sites are as follows: AT, a:.ynmnsfamse  ACP, acyl carrier
protain; KS, DH, ER,

38| 1. PKS9] 73 2 6-dEBQ] AJHA] [19].

Vol. 11, No. 4 (1998)
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SNAC

——
DESS K$1°
in vivo

—
DEBS KS1°
in vivo

d DEBS KS1 null mutant

R = Methyi or n-Propyl or Phenyl

Pr ding of 6JEB dert

O derivatives

to erythromyci

38 2. DEB KS1 #HolF7} A7) 784 6-dEB f-A}
A AA 1k

Ak 25 YA

SEERIRE

“
=]
=2

=

FRo] FTHLRE B

2 Ago] Psatz, Biel) 7]uhe F HE ALgsloich. 5
st AEEHY Qe WAL ATAS AR o A)
£ PKSE Sadzsle] 47T AdE f40 203

2 A3} Alzete g E33 4 ¢)+= non-natural 7| A 2
NAC(N-acetylcysteamine) thioester’} Al8-%]o] 6-dEB2] -3
£-& in vivo 7401]/!-] AR Sty 2). 9 §
A%l 6-dEB F-AMAE-E erythromycin D F-54 2 A& A%
Aol APt °:17] o) AH2-%} A ZF PKSE ketosynthase
(KS1)e] #4331% null mutant(KS1°%)2 A< AgHA o]
o]zlL Ao)xut Ao} & HAF) diketider} NAC
thioester 2. -Z-F%H Al AFA o] A& A PHc). & v)
A4l £49] NAC thioesterE 7| A 2 glA]a} 1 wlo}Eol= o
- W35 PKS systemoil 4] A4 AHE<L 6-dEBS] A7} A
AHg 71 0 2 erythromycin 73 ¥732] combinatorial ¥ 2o]
A A= RAeH24, 25].

Macrolide SH4A|2] Combinatorial
biosynthesis

A 22 macrolide EAAS 27| 93] = A2 deoxysugar
F25 FAsEE ol & viekatAl HaE macrolide aglyconol]
AgAA & glelel gk a-dl HRF-E2] sugar genes-X
PKS gene®] 3ol £o1A gloix] AFAZA H2E 729
TS AP sl A4 @
7} AR 8 A A] methymycin?} ©]2] cometabolite?] neome-
thymycin2 deoxysugar®] &Alef thil £2 o7} . dht

. G Streptomyces venezuelae

AEA

5|
Methymycin PKS Desosamine Gene
C )|
> Dr »é n e ———
desVill  desVil desVI dasR desV des/V  desili  desl des/
o/&ﬁ Destl HO/éﬁ Desty H&q} DesVil Ho%
OH
OPO, H otop otop oToP
Desi
Desll
0 Mo
.-\‘\\M‘

%

o

WM O orop
Descsamine /\ DesV

K

Desvil &oﬁ Desvi o

OTOP TOP

Mo Me HO

Methymycin
Neomethymycin

28| 3. Methymycin 542 2 A3 HZ.

3l o] A= erythromycinol| & £A) 3= tJ ¥4 aminod-
eoxy sugarl! D-desosamine-3 1 F3ol E33}a ¢l2 U% ,
@ v & R Be & B el 23 glold 4T &
Zre] el "l foldbr] wjolrt. 1A Sherman ‘3 2
ok 60 kb2] methymycin/neomethymycin -F-H A2 7174 3} {5]
o] genomic A RE F-g3lo] A2 macrolideE YA 4+
9J¢lc}[6]. Desosamine A 54122 deletiondl] &3] A=
¥ Metymycin FAHAE 9HE7] $]3F combinatorial biosyn-
thesisTA-& (18 3)7 2t}

PKS f-4ze] £l $x|3k <F 13kb2] DNA7} o] deox-
ysugar®] f-F Al s 97W 2] ORF(desVIIl, desVII, desVI, desR,
desV, deslV, deslii, desIl, desl) )] desRo]2]ol|+ deso-
samine2] AYFHAd o] FHedglt}. N,N-dimethyltransferase(DesVI)
£ codedl= desVIS WHEAFI7IE Fi=d] ol desVIZ}
DNAA}ollA] thE 3 o) & 382 5] 93+ downstreamol|
9|8}, desosamine?] QPAABA 2T F FAo 74
3}7] wjFolct. desVIg thE gene 2 Z A3 plasmidS T
Aol AARFo] E9i3te] desVIS] 7)%-S oAl DesVIQ]
714l F7t A AR A=A s 4% Frt
glucosyltransferase(DesVINE- -$-3]%F A 25 %3 aglycones]]
Z2A3star - A3} -NH,7} methylation = X] $337 acetyl3} 3
N-acetylated aminosugarg Z 35l AlF2] sHAA 5 7HA7F
A = 2 eHe6).

AF Mol x5hof| olEt Algel et
proteaseX{S{{All A4l

ool

Prostate specific antigen(PSAy:= SHA|E 34 2 A Fol A
A el ¢3F-E 3}= serine proteaseo]r}. W2} PSAL] Al=)



B 3. PSAS] HA 7|A-e 3y

Combinatorial Biologyl| ¢]3} Alzj&tAd Ez o] thofag

1 $13 Sejo] = library o] 23} 2315}

il

=5
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Substrate

.P, P, P, P,| P/ P, Py... ka/Ke
Sequence from semenogelin
I GSQQLL | HNKQEGRD 2.0
I GI1SSQY | SNTEERLW 46
Exchange of P, residue between I and II
m GSQQLY | HNKQEGRD 2.6
v QISSQL | SNTEERLW 1.5
Substitution of P, residue within II
v GISSGY | SNTEERLW 70
Vi GISSAY | SNTEESLW 1000
VII GISSPY | SNTEERLW 110
VIII GISSFY | SNTEERLW 1800
Substitution of P;'and P, in VIII
IX GISSFY | GNTEERLW 1500
X GISSFY | ANTEERLW 1000
X1 GISSFY | FNTEERLW -
XII GISSFY | QNTEERLW -
XIII GISSFY | SGTEERLW 1900
X GISSFY | SATEERLW 1500
XV GISSFY | SSTEERLW 2200

Aol AAQl AsfjAl=s A od Fad 7S 7
g]lt}. Protease YE<2] PSAY F48A]o] 71AF & el =
Hejol= 7)1 9] ojw| Al I 2A4-AH-& s, Mo}
gk Aepde] 7hsd ¥ ohel PSAY] AFA AdiA|e
kel Badk 84 ARE 9E F 9l Aorh. ukahy
PSAS] A4 7]2 4] semenogelin®] o}v] - Abu] S wHEH
L2 WstAlA AR slelol = libraryE F3 7P 244
o] F& wjd-& 3lgici[26]. & 3ol4] ¥ semenogelin®] o}
7) 324k Mol AlbA S B & (ke/Kn)o] £ 2 2
ol7r] ¢k ulEA Ade] AlAFe] i}, T2 cleavage site
FH (- PPy | PPy -9 ofmlacate] &g AHH #4
o] -zo} 7H= wid& Aopr] B A]F(SSFY | SS)7} cleavage
site 2 7P 31 244 YUS & 5 UL Hebrt oS A
A% PSAS] cleavage siteE 43}7] ¢l phage displayZ-
Eg- ¥t} & 3329 library A3} combinatorial H¥}'H-& ©]-4-
& = gl

Ii} 2] vlaef|A ZejEgo| %2 M9] P9R| ofn|rcAl
Tyre] Fgoll 23] HUsl] &) o1& 19 LeuE A2
gk srAlske] Mg} IVe) A 9-& wHES]T). o|u &89 s}
oAl ohA] 18] AdE& 7|F02 PE viH7e v, VI, VI,
VII 9] Mg z}i: library & 2AFS1e] SoH-8-0] 1800/46 w2
7 VIS #opjich veprt VI Py'e} P'$XE WSt
A7 ke/KnZ} 2200714] Eolid XV A E& Zohfle] &)
#)2 7]=<]] semenogelin®] Zvl &-& B} 2200/46u]7} Z7}
B ) 2E elo] = (GISSFY | SSTEERLW)E- libraryZ-ol|A]

IS

)

e

g % 9k

MHEEE ZHAoF 3= Combinatorial
Biocatalysis

fae] eAE ol e A et ARA $71% lbrary
% Fughc} e aanke-S Fol RS ol o
ZAog aavt AXE o|g3A, AdE =+ vlHd
AN HEE-& AFIAY, HAF B2 wAAde] vhgo R 5
3= 5 glc). o]2fjt E4E ©}-83F combinatorial 7]&29] &
w}¥o] combinatorial catalysise|t}. o] 7|42 FHH B}
€ $EEFEA Ao Bl &83tw it o] 7l
Alejel b gl Apkg 3 A=A L] ik olF f-8-8)
t}. Combinatorial biocatalysisel] 2]} library S wWHJAIA <
AUz 713 BAHoRE AE 59 HAEQ taxolS v]E3]
o], 2.3-(methylenedioxy)benzaldehyde, adenosine, erythromycin,
tropane, (% )-(2-endo,3-exo0)-bicyclo(2.2.2)oct-5-ene-2,3-di-
metanol, ZL2] 37 bergeninE-o] §it}. o]F FelB 0| = berge-
nin-g ©]-§-3} combinatorial biocatalysis®] | (23 4)o)] A
Asredh2).

Library 2 #%3 &v] £37} == biocatalyst= 96-well
plates o]8g 132 XL A bergening 7| F A}
L3 5 9l 16709 AA A4 o 25709 mjEo] FaxE|g]
th o] & Fvl R 2dA o) AR library YA o] 3= F
600712 f=A7t B H =]} o] - A&FEA 7]} NMR

i
e

0:

e
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Bergenin $H:0H
o] OH
CH,0-C-R, on 9 CH;0H

Y e e Hco OH  Hsiogenation gy o ~\-OH

H5CO. 1 0-C-Rs “Acyistion HO Q Te———a  HiCO. OH
o o 0 [¢) . HO o
0 o CH,OH Oxydation X O
OH
) OH CHzO;H
oH o™y OH Glycosylation ¥
HiCO. OH H;CO OH
HO ° HO °
s} oH O
20 First-g derivati

Acylation Sugar attachment  Redox Halogenation

- esters - a-glycosides - hydroxylation - chlorination

-carbonates - p-glycosides - oxidation - bromination

- amides - aminosugars - demethylation - iodination

-carbamates - sugar acids

600 Second-generation derivatives
33| 4. Bergenin®] %A 2FAe 213t combinatorial bioca-
talysis 34 .

2 BA=% 2 xanthine oxidase2} urokinaseE HAFC & 3=
2474 A3} A& 242 bergeninXc} 100) TAL B
ol A s A7} A= it

iy

#2E ¢
olu] WIS ¥ £} vl Ee] Aatsl= B4 B A=
V)%, sl EAAEE ARlo] ok A WA B
d#A glck zejut w3 lead compound & 37) $13 A
A 23d =32 7|X 8] Apbet F& X B
W 2L 71ee] Fojo W F2e Hgko) Aolx| 1 gl
o] 5 s A3r] ASNA sl wpaFe] i) B 373 Ay
Eoll Higt AT 22 A AEslEE xHo] N gsA|
ukolv] 23} WAl Bzt o] d Gl HIole
A7} A& Aok
gk, HTSE ©]-8-3 gk 23 do] UukslE A 7)&x
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