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Diketopiperazine compounds produced

by Archangium gephyra

Min—Sun Kim

Department of Marine Bioscience and Environment,
Graduate school, Korea Maritime University, Busan,

Korea

(Advisor : Professor Jong—Woong Ahn)

ABSTRACT

Myxobacteria are very remarkable microorganisms which are
usually not obtained by standard isolation technique. These
organisms form characteristic fruiting bodies which are not
produced by other bacteria. Although not much is known about the
basic physiology and biochemistry of these bacteria. They have
proved to produce a variety of bioactive substances. A great portion
of these substances inhibit antifungal or cytotoxic properties.

In the course of screening for new bioactive substances from

myxobactera, strain KM593 was found to produce closely related

_1_



diketopiperazines(cyclic dipeptides). The strain was identified as
Archangium gephyra by morphological characteristics and staining
with Congo red.

The 1isolation of diketopiperazines was performed through several
steps including silica gel, RP 18, Sephadex LH—20 column
chromatography and HPLC. The chemical structures of these
compounds were established on basis of their 1-D and 2-D NMR
spectroscopic analyses and by comparison with reference data from
literature. They were assigned as Cyclo(L—Pro—L—Tyr), Cyclo(L—Pro
—L—Phe), Cyclo(D—Pro—L—Tyr), Cyclo(L—Pro—L—Leu), Cyclo(L—Pro—D—
Val), respectively.

Antioxidant activities of these compounds were investigated. In
particular, Cyclo(L—Pro—L—Tyr) showed higher antioxidant activity
than Trolox in terms of ORAC values.

Diketopiperazines are most commonly i1solated from terrestrial
yeasts, lichens and fungal culture filtrates and are also observed in
the culture broth of marine bacteria and marine actinomycetes. This
is the first report that diketopiperazines were produced by

myxobacteria.

Keywords : Mpyxobacteria, diketopiperazines, Archangium gephyra,

antioxidant activity
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Myxococcus type Cystobacter type

Corallococcus type Archangium type

Nannocystis type Stigmatella type

Fig. 2. Fruiting bodies of Myxobacteria.
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1. 2d¥A=

1.1 A]¢F

Agar, EP (JUNSEI)

Baker's Yeast, CP (BRUGGEMAN)

Beef Extract, EP (DIFCO)

CaCl,<2H,0, EP (JUNSEID)

Casitone EP (DIFCO)

Congo—red EP (SIGMA)

Ciprofloxacin (gt=r38}letdF+ PO 25 )
Cyanocobalamine, EP (ACROS)

Dextrose, EP (YAKURI)

Dimethylsulfoxide, GR (JUNSEI)

HEPES, EP (J.T.BAKER)

Malt Extract, EP (DIFCO)

MgSO,X7H,0, EP (JUNSED)

Peptone, EP (MERCK)

Tryptone, EP (DIFCO)

Yeast Extract, EP (DIFCO)

XAD—16, mesh 20.00~60.00 (Rohmé& Haas)
Glucose (JUNSEI)



1.2 717]

Adel A8E 77 T 2

Instruments

Autoclave
B.0.D incubator
Clean bench

Electronic balance

pH meter

Rotavapor

Shaking incubator

Shaking waterbath(circulator)

Vacuum pump

UV/Visible spectrophotometer

Microscope

Centrifuge

MPLC Instrument
Detector
Pump

HPLC Instrument
Detector

Pump

Degasser
Program

Polarimeter
FT—-IR
ESI-MS

EI-MS
NMR

SJ—220A45(SEJONG)
SJ—250B (SEJONG)
SJ=701S2(SEJONG)

SHIMADZU BL220H (SHIMADZU)
Orion 420A(Orion)

BUCHI R—200(BUCHI)

SJ—808M2 (DONGWON/SEJONG)
Mono—TECH ENG CO MSB—1511D
ULVAC G—50SA

CM-—10 Spectroline(MODEL ENF—-240C)
OLYMPUS SZ11

Supra22K (Hanil)

YFLC—-5404 (Yamazen)

Prep. UV—=10V (Yamazen)

540 (Yamazen)

Simadzu liquid chromatography LC—10
Diode array detector

(SPD—M10Avp, SHIMADZU)
LC—6AD (SHIMADZU)

DGV—-14A (SHIMADZU)

CLASS—VP ver.6.14 spl
Perkin—Elmer(U.S.A.) 341

Perkin—Elmer(U.S.A.),Spectrum GX

Mariner, Perseptive Biosystem(USA)

Varian 1200
Varian NMR 300, Varian NMR 500

JEOL (Japan)JNM ECP—-400
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> 42 238 gulE 229 Acetone, EtOAc, n—Heptane, MeOH,
CH,Cls, 2—Pro panaol(2—PrOH)-& Extra Pured &w(DUKSAN)ZS A&
3t TLC % columng €7+ Extra Pured £ (DUKSAN)E A=

o] AL&3}3 T
1.4 Ag+H

FEHY HA0l A8E e dFAYTIATA FAGLS Ao RN

Bopold ALgetgon #5e FRE thed 2ok

Test organisms

Escherichia coli KCTC 12006
Saccharomyces cerevisiae KCTC 7246
Staphylococcus aureus KCTC 1916
Rhodotorula rubra KCTC 1209
Candida albicans KCTC 7965

1.5 iR 2102

A& o] A% HlA]= Nutrient agar, WCX Agar, Vy2 Agar, standa
rd MD1 liquid, YM agar, MM agar7} o™ ®H3go= CAS liquid?l
A& AHE8FHH(Table 1).
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Table 1. Composition of media

Nutrient agar

WCX agar

CAS liquid

Vy2 agar

standard MD1 liquid

YM agar

MM agar

Tryptone 1%

Yeast extract 0.5%
NaCl 1%

Glucose 0.1

Agar 1.5%

pH 7.2

CaCl»2H20 0.1%
Agar 1.5%
Cyclohexmide 5mg/L
pH7.2

Casitone 1%

MgS0O, X7H20 0.1%
DMSO 5%

Baker's yeast 0.5%
CaCl»2H20 0.1%
Agar 1.5%
Cyanocobalamin: 0.5mg/L
pH 7.2

Casitone 0.3%
CaCl»2H20 0.07%
MgSO4-7H20 0.2%
HEPES 0.1%
Cyanocobalamin: 0.5mg/L
pH7.2

Yeast extract 0.3%
Malt extract 0.3%
Peptone 0.5%
Glucose 1%

Agar 1.5%

pH 7.2

Peptone 0.5%

Yeast extract 0.3%
Beef extract 0.15%
Glucose 0.1%

Agar 1.5%

pH 7.4

_12_



2. 4% Wy

2.1 §74 AAAZ £ L WY
1) 34 AAAZY B B
(1) A& A3

B B3I E Ecoli (KCTC 120006)% streakingdhed, 30°C, 244]
7t incubatoroll Al A3k AlF T L'FHo| Nutrient liquid ®jAE 10
ml go] Hsk & X3 ANATE Ecolis AEF3 shaking water batholl
/1 30C, 16A)17F wiskitt. 1L 9 Nutrient liquidif A7} 0%l 2L 4
Z+Z et A~ F09), overnightAlZ Eecolis 10ml(0.1% seed culture) H=3dtaL
30C, shaking incubatorel A 16A]%F vjk3s}FSITF.

o] WiFS 4T, 10000%<G, 203 &<+ A4 Eeldte] #AE 22 v
0.2% NaClZ 23] A3 § JFR 33}

(3) ESAIE AHY

ArE vialel HWoldt Ecolisr ¥ U WCX agar HiA|ol] A ]slSl
T}, WCX agar BlA] 9ol w8 ZAE Hold(E.col)e 3AMS 1002
Ao w2 ¥ 4709 circular patchES WEJT. Ecoli patch7t w2 1
Aol A5 HE patch 9ol &9 5 wjFeqict. oldf AE &2 E.coli

PN
patch ellx Eolx# =5 vg Bd SHTFE 3~4%2 H7hsl gl

(o4



(2740.5cm) A Al 3T}

(4) "HAAlre] &

ARERE ol

A

22
o

=3t

m owWo] u HAMTS 9ot FYg circular
patcholl A =3}ttt w3t o] wet Hyd Holxd (EdE E.col) &
2 W= circular patchE AA HFHOoZ Vy2 uiA=2 AT

(5) AT 1t
Az¥ CAS liquid WA7} &9+ Nunc tubeo] R #AE HAMAS
Loop® HaL HA|d el Haistqict.

a9 AA(Gram stain)
TE 1~2%2 "ojEd Sdolt Sk wg] &3t AAE A
5 TAF BAAA A7 AYA HS-AY FSiskA Ee arge] z <
Aot geE Folsly st 14 Al#H T crystal violet¥} phenol©]
e 1212 H"Hojmgl AdS 18 FAEITh
PVP—IOD+KIQ! widA] &N& 1~2%-& "oEmz 18 3+ WAl &
FHFE 5% AlASE Y. ©o]9] ethanol+propanol® ¢F 15%7F BAIA 71
T, SRR 5xI HHAA sl AR safraning Ko w1
@A AR & E71E AlASta dArjdoR AE FEet a9

FEE Azt (Fig. 4).
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Crystal violet+phenol for 1 minute
(1~2 drop)

¥
PVP—-IOD +Klfor 1 minute
(1~2 drop)

1 Water rinse for 5 second (indirect)

Ethanol +propanol for 15 second

v Water rinse for 5 second (indirect)

Safranin for 1 minute

Water ringe

h 4 h

Gram—positive bacteria Gram—negative bacteria

purple crystal violet stain pink safranin counterstain

Fig. 4. Procedure of Gram stain.
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(6) Congo red 4 (Congo red stain)
Congo red 0.1g% 100ml o] ZFHol o 0.01% solutionS WH=o] A}
£33t} sample©] A+= plated] vg] wHEo] =2 Congo red £S5 ¢
o]

A8 42 AEz e F 108 5 A5

i

2) £74 AAAZ WF

WCX agar Wil A] &3tel HAAMFS Vy2 agar viA ] g7 loa
dingdte] FAA71EA BEEETE wE S5 55 Addste] standard
MD1 liquid ¥l 30CoA 5-7L3F vj kst

o5 KM5939] AA| &2 tha3 2ol AAeain

@ & ¥l standard MD1 liquid ¥} 50ml-& X3Hek 300ml4H7t &
A% silistopper® vsE & L4FulE U2 Yo autoclaveds)Sitt.
autoclave® ¥R E %3] 28] 9 cyanocobalamine 25ulE  syringe
filterstel F74gk th5 ml2] Vy2 agar wl#|ol| A ¥l ¥ TS 2loopHE
sttt ol plate’doll Al F4AdS ol FH AGS swarmd FH|Z FiE=
st AEsYTh. shaking incubatorell A 30T, 160RPMS SXAsle] 2
d 3+ agEtsih olE Al 92 seedi= #A| 5= 2ml¥ standard MD1
liquid #iA]o FFke] FA] o]} FLg Ao wjgE At

@ el A28 standard MD1 liquid wiA] 400ml& X33k 2 LA

ZyZgp~Ho| 23S A Amberlite XAD—16< 6gH 718ttt & v

T~

7} FU3 WO 2 silistopper® WS AFEuEELRE Yol autoclav
edt & 213 A] syringe filterdt cyanocobalamine 200ulE Yol& t}e =
Wk g #AlE 8ml 3T} shaking incubatorelAl 30C, 160RPMS
2

g 3 oS 100meshx 2 Ae] XADS #AE o o
Mo A F-2](10000XG, 20min, 4C)3Fe] "HEd= AAS =3t
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2.2 JARIEY F2 2 EIAA
1) &
sieving?} YAlE# 2 dojz #AH94 XADE Acetoned} MeOH 1:1-8wj

2 ALoA 6AIF FF FE3 U tHA] AcetoneTHS AFE-3Fe] 3~43F

FEES rotary evaparator® 5% & FFEo] =3 EtOAcE H7}
sto] 553 EtOAcT o= #33 t}S EtOAcE S anhydrous sodium
sulfate® A=A ZT A% EtOAcH S 553 ths tA] MeOHO =<1
< of7]o] n—Heptanes 7}l #83sle] T4 Mx &S AASS

t}(Fig. 5).

3) ARvEOHY

(1) Thin layer chromatography (TLC)

2o ARgE TLC platex silica gel F254, 20x20cm(MERCK) <}
RP—18 gel F254, 20x20cm(MERCK) 9] 1t}

A/ME TLC platex UV 254m¢} 365mmoll A E4E2
Aloks Aelste] 3= e FdHE dEEITh

AREE wEA X oky) 7 AW S oS 2

D VS(Vanillin—sulfuric acid®¥)

=51 1;}% =19

= T = 1

r4

229 vanilline] A7 23 sulfuric acid&NLS 53 & 120C=
7} s

@ Ninhydrin®}

=

_17_



Culture broth
Centrifugation
Cells and XAD-16

Extracted with acetone
(1L.x3)

Acetone ext.

1. Suspended in water(80ml)
2. Partitioned
(100mlx3)

EtOAc ext. H20 ext.

Partitioned
[MeOH(50ml), n—Heptane (30mlx2)]

n—Heptane ext. MeOH ext.

Fig. 5. Work—up procedure of strain KM593.
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@ Dragendorff<}
0.85¢%] basic bismuth nitrateE 10mle] W xAlo] &4 40mle Z57F
Fof Z2 & of7]d 8g9 KIE =<2 20mFHITE 73k 95 &

o

(2) Column chromatography

Ao AMgE ZHS Silica gel(Silica gel 60, 40—63um, MERCK)<
FZAA 2 AFESPY o 8ul=  p—hexane, CHyCl,, EtOAC, Acetone,
MeOHG S o]&3tqltt. 94 A=ZwtEa#s 2% LiChroprep RP—18(
40—63¢m, MERCK)E AH&3t3l o™ MeOH, H,02 &vl= o] &3a3itt. ©]
Qlo] "QR3t ZH-$ Sephadex LH—-20(bead size 25~100pm, Fluka) column
chromatographyS AF&3F+=dl  o]uw], fraction collector(Pharmacia
Biotech)®} UV detector(254mm, 2238 UVICORDSI, LKB BROMMA)

2 recorder(Pharmacia Biotech)7} #2#-¥ Universal system= %3 &

A 2o £wel AeAS AiLs

(3) MPLC

YamazenAte] MPLCE A}83}313 pre—packed column®#® Lobar—B
(240—-10) (LiChroprep® Si60, 40—63rm, MERCK)9} Lobar—B(310
—25)(LiChroprep® RP—18, 40—63/m, MERCK)Z A}&3}3it},

(4) Analytical HPLC

Analytical HPLCY =3&E T+ 2 719 fractionE9 ¢ ZAS
stAY £ E sEEY oFeE B 2 VE sEES 5d AFE F4
3t7] Yl AFEE AT, B Ado A AFE3H HPLCE Diode array detector
HPLCE AH&stglen, &4 & #Zd2 CAPCELL PAK C18(UG120, 5

o



w; 4.6mml.D.x250mm, SHISEIDO), YMC—Pack SIL(5pm, 12nm; 4.6mn
[.D.x250mm), YMC—Pack Diol—120—NP(5¢m, 12nmm; 4.6mml.D.x150mm)2] Z+

He g,

(5) Semi—preparative HPLC

# ¥ CAPCELL PAK C18(UG120A, 5gm; 10mnl.D.x250mm,
SHISEIDO), YMC—Pack SIL(5gm, 6nm; 10mmI.D.x250mm), YMC—Pack
Diol=120—=NP(5¢m, 12nm; 20mml.D.x150mm)E A}-&3}31t}.

g

4) A ES FEREA

H’d4 =+ Polarimeter(Perkin—Elmer USA 341)& AF&sle] MeOHS
SriE SAsA
IR Perkin—Elmer(USA), Spectrum GX= F43}3it}.
BEx}eo ESI-MS(Mariner, Perseptive Biosystem, USA)E o]-&3}o]
s FA4stglon ' NMR, °C NMR 2 2D NMRS] #H& Varian
NMR 3003 Varian NMR 500, JEOL(Japan) JNM ECP-400

off

A

spectrometers A&}t
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2.3 AEGAHSA

1) 484

(1) AAAe =3}

St A gAY A2 d Y AANZHE S aureus, S. cerevis
=2 B woth 4 dAxd A

[e] sy

jae, E. coli, Pseudomonas sp.& T
B2 EYgre 2z} 79 ¥ES clean benchQHlA 2=
i PE YRE 10%¢IASSs HA A=E T Uy daSEIE
TPEA 39 A FeERv 7)ol Al dENE Nutrient
Agart} YM Agar wj#]ell 300nl2 Ewtslo] 143 28Col A nj%ksle] &
Azt Ak FAEE AT IHEE streakingdle] single colonyE o]
Nutrient Agar, YM Agar viA|o] 74 w3t & AldAwjx|= A W
< BskiTt

(2) A= A

7tE AN ] AR EtOAcF=H-S MeOHel 3¢ 10000 ppm
(A =10mg/1ml-&mf) 0.2 FA|eto] A 2lalitt. A& F=% paper diskol
injectiond}®] clean bencholl A AZXAIZI = 7|#x o] Z=2F plated ol

29 7 4% ANES ST,

)

W RaE M-S Nutrient Agar®t YM Agar HiR|o] wj&Fslo] &
A3skAZ] % Nutrient liquid®} YM liquid ®A]7} 10mlE71 'L'A3  tube
of g&sth. o]2& shaking water bathollA] 30C, 160RPMO.=
overnight (¢ 16A13F) #j st} 7| A o= A&

@D Agar well method

0.8% agarE Z7}3F Nutrient agar®t YM agar ®lA|E autoclaved}o]
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45-50CAHE A% & wgf widd 74 02%E HET F 124 A2 ¢
S o]AE petri dishell #F3}e] =31 3 wWHE pasteur pipetteS o] &
st S o] $E(welDS WEIL, 7] ARE VM5 AY O™ F
B.0.D incubator (30C) oA 48A|ZF Wl ¥ inhibition zoneS vernier
caliper= 574} YEh AT

@ =2y

1.5% agarE #H 7} Nutrient agar®t YM agar HiA]ol] ®jE o
100l & loading 3§+ & =2 &}3ith. o 7]o] 6mm paper diskel] A& 20
ulZ loading 3+ 3 @A vix] Yol ¥ a1, B.O.D incubator (307TC)
oA 48A]%F 743} 3 inhibition zoneS vernier caliper® inhibition

zone®] A7) Z4ato] vEhy Ak

2) ORAC assay

ORAC assay¥? value =4S Cao et al,”™ Ou et al’” & F334
t}.

B—PE, phosphate buffer, Sample2 15min &<t water bath Z}olA
pre—incubation d}al 75mM phosphate buffer(pH7.4), B—PE: FL (final
10uM), Sample, Radical generator(AAPH, final 50mM)7} &3+l Wk
N 200uls 37C= v FIAN FFEFF=AE AHEste] 39 A
Y 60 ¢ 2w HAom #F, 71F53lHh Vitcor31420 Multi—label
counters Recording Fluoro meter(Perkin Elmer)E A}&-3l, &3%o] 95%
Loss® W 7% =A3}9ct. Reading 7L excitation 530£30nm(3-2
excitation 540nm, emission 565nm)°]th. ORAC value®] 4F&<2 Trolox
standard curveZ%-El TroloxE standard® A}&3 7|EXZ25EH AF&E3S)

9&1—4_.26)

_22_



Relative ORAC value =
(AUCsampte = AUChank) (molarith of Trolox)

(AUCTrolox— AUCRiank) (molarity of sample)

3) DPPH free radical &4 &4

g 2 Fg9 77 gtES EtOHO €4 v:2=2 Fmola 7H7hs
el HEH o2 100ug/ml, 50ug/ml, 10ug/ml, 5ug/ml, lug/mle] 57}
A FE7F ¥ A st A¥5Yr. DPPH(1,1—diphenyl—2—picrylhydrazyl)
= 0.1mMo9] =5 EtOHel| &3llstar, 96 well plated] ZF 5%9] A=
g4 100ul¢t DPPH &< 100ul =FH(A), AlE&H 100uldl EtOH
100ul¥t 7}sk 4(B), DPPH &< 100ul®} EtOH 100ul®] &H(C) %
200ul ETOH(D)E Zt7f ®k5al 25CelA]l 10®3F vH-gA171 $ 540nmol| A

low

M

microplate reader® &FEE A3 oH 1 AME(%)S TSI 7o

AR ek

[(C=D)-(A-B)]
(C-D)

Al e (%)= { }>100
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Bare] @as|eista Sgel EusE Fusy, sAtse Fas)
ARG B, SHAYS) MY, TR BpoblE B B, o
B9, SE, DA, EFE A Ecoli®

WCX Agard|#] 9]
AAA A& 2 et
HANF2] & Congo red M3} WCX agar®t Vy2 agar HjA o
A9 swarmd} A2 A o] HE|E 7|F= 07 At (Table 2, Fig. 6).

= -
LS N

Table 2. Myxobacteria classification by Congo red staining”)

Congo red
positive negative
Suborder Cystobacterinaea Sorangineae
Family |[Myxococcacea Cystobacteaceae | Poliangiaceae Nannocystaceae
Myxococcus Archangium Polyangium Nannocystis
Corallooccus Cystobacter Haploangium
Genus ‘ ‘ .
Angiococcus Melittangium |Chondromyces
Stigmatella Sorangium
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By HAMFS & 245F0|on 1 F AFEOA Ll A
o] 60F, WmA 185F°] oA HAAMIAL 7B (Unspecified) 4%
oAtk (Table 3). w&¥ &1 HANM TS Myxococcus sp., Corallococ
cus sp., Angiococcus sp., Archangium sp., Cystobacter sp., Chondro
myces sp., Nannocystis sp., Polyvangium sp., Stigmatella sp., Melitt
angium sp.°|A}At.  Myxococcus sp., Corallococcus sp., Archangium
sp.o] ¢F 78%¢°] W& = B WU 1 T Archangium sp.©] 26%9] =&

g R e AT
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Table 3. Myxobaterial strains isolated from soil samples

Taxon Number of isolated strains
Myxococcus sp. 43
Corallococcus sp. 52
Angiococcus sp. 1
Archangium sp. 49
Cystobacter sp. 17
Chondromyces sp. 2
Nannocystis sp. 5
Polyangium sp. 10
Stigmatella sp. 1

Haploangium sp. —

Melittangium sp. 1

Sorangium sp. 60

Unspecified 4
Total isolated 245

_27_



1.1 HAAF F HAREES 232
et A BEeE FAAAHFE Screening BIYS G AL sievingdt YA E
= AL o9 #AS XADIAAM ="AE FESEATE olw &
acetoneS AFESIY. FEES =53 EtOAcs, n—Heptane® MeOH
I

of #o& T8l AEE AL wiHdEe AAT o AAAE AR

e

steb] 23233 BEsHY ~32ds AAsk o 23293 108F
o] HelAlto]l thARHE Foll A 718 A=A inhibition zone©] WERS
CH(Table 4).

E3) Archangium?-& 33% £ 12%0] A< Q.

O BYR2E EcololA 10mmu]gF 170, 10mme] A 270, S.aureusol ] 10mm
vluk 978, 10mmolAr 370, Rrubraol Al 10mm=] %2t 178, S.cerevisia®l A 10mm
ol A 270, C.albicansol A 10mmo]AF 170 A= w9t}

HAAHo =2 Saureus ©F E.coli M E= B dTE°] &4

S.cerevisia?t R.rubradlAe= AL 714 #57F =53] =5k

nglont

o

E35] #5F KMbH93S SytA| 8o A Saureus, S.cerevisia, C.albicans®l
E AFAAZAE JERNem ORAC assays 53 &Aatair ol o
=49l Trolox$t vlawe whek Zhet &S Bttt Egh A=< TLC
A3}, Vanillin—sulfuric acid®] H#& Eoldt &A dke-S UYehfs 5<¢
AL dAatbEe] A S & 5 AATH

w2 ATl s FF KM5939] thialtteEs e &4 24 9

dAHEe] BE g Fas) sheluh,
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Table 4. Screening of myxobacteria for antimicrobial substances

Inhibition zone (mm)

Strain Type Bacteria Yeast
E.coli S.aureus R. rubra S cerevisia C albicans
425 Mx - ++ — - n.t.
437 Chb - - - - n.t.
444 Ar — + — - n.t.
451 Ar - - - - n.t.
457 Ar - + — - n.t.
461 Ar - - - - n.t.
462 Ar - - - - n.t.
472 Ar - - - — n.t.
480 Ch - ++ - - n.t.
484 Mx - - ++ ++ n.t.
485 Cc - - n.t. n.t. n.t.
501 Mx - o - - n.t.
502 Mx - L 3 + n.t.
503 Cc - & > - n.t.
504 Cc - + — - n.t.
505 Mx - + — - n.t.
506 Mx - . = - n.t.
507 Na - + + ++ n.t.
508 Cc - + — - n.t.
509 Ar - == = — n.t.
511 Cc - = = - n.t.
512 Mx - = + - n.t.
513 Nn - - - - n.t.
515 Mx - - - - n.t.
516 Ar - - - — n.t.
517 Chb - - - - n.t.
518 Ar — + — - n.t.
519 Ar - + — - n.t.
520 Mx - - + + n.t.
521 Mx - + — - n.t.
522 Mx + ++ - - n.t.
523 Cc - ++ - - n.t.
524 Ar - - - - n.t.
525 Ar - - - — n.t.
526 Mx - ++ — - n.t.
527 Cc - — — — n.t.
528 Mx - - - - n.t.
529 Cc ++ ++ - - n.t.
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530
531
532
533
534
535
536
537
538
539
540
541
542
543
544
545
548
549
550
551
552
553
554
555
556
5538
560
561
564
566
563
569
570
572
573
574
575
576
577
5738
579
580
582
583
584

+

+ o+ +

+ + 4+ +

+ + + +

n.t.
n.t.
n.t.

n.t.
n.t.
n.t.
n.t.

n.t.
n.t.
n.t.
n.t.

n.t.
n.t.
n.t.
n.t.

n.t.
n.t.
n.t.
n.t.
n.t.
n.t.
n.t.
n.t.
n.t.
n.t.

n.t.
n.t.
n.t.
n.t.

n.t.
n.t.
n.t.
n.t.

n.t.
n.t.
n.t.
n.t.
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585 Mx - +
586 Ar - +
589 Cc - -
591 Ch - +
593 Ar — ++
595 Ch n.t n.t.
596 Cc - ++
597 Cc - +
598 Mx n.t n.t
599 Mx - -
603 Cc - n.t
606 Mx - -
607 Ch — +
609 Cc - +
611 Ar n.t +
619 Cc - +
626 Mx — +
627 Mx - +
635 Ar - ++
639 Cc - N
648 Ar ++ -
652 Ar - —
653 Ar ++ —
664 Cc — + it

+ = less than 10 mm, ++ = 10 ~ 20 mm

n.t. = not tested
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of

2. @F KM5939] 79 54
OFAFE kO A EEdk #F KM593S Gram GMolA &4, Congo red

AN P e 1Y

id

WCX agar®} Vy2 agaroll4] A% patterno] °FzF &3k=d] WCX agar
oM Al M AL AAoAL Vy2 agarol M= 2 o] 4d &
Moz 747t thE FHEH 548 7hHth g WCX agarollAE G dAE

7b 242F st Al golA lar #Al7) plate Aol FEol #HR X ¥ REe

BRI Vy2 agaroll A= 227 dd deje 7 dHiE 25 AYy dA
Aow Jurt 444 ¥ FETEd dolurt AR AAAY F2

=
ol FEe EAF EH'VHMS B3 KM593S Archangium %5 AN
Moz ZAEQom AR o] Lol Archangium gephyra 157 1A

Jorg I KME93S Archangium gephyra KM5930.2 ™3}
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Fig. 7. Fruiting body and swarm of strain KM593 on WCX agar.
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Fig. 8. Fruiting body and swarm of strain KM593 on Vy2 agar.
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3. Archangium gephyra KM5930] AAtsle A EZA ] £
o5 KM5939 wj%e shaking incubator 30C, 160RPMe] =73}l A
standard MD1 liquid& AH&3ll 38LE 120A17b5<r & 5xfa] w3l
5 KM5932 < Al, wigeio]l ol AN HLeAs wloem 400ml
NS W 54 Btk 12043 v 713

Fob Bt pll 7.99) FEolArh. AT REA 5I Feprao
E

L2 MeOH®} Acetone AFE3}] 12417 4] F£& slglom
=55 59 223 EtQAcE O RE EEsta o | EtOAc=<S T}
Al 53 S MeOH¥ n—Heptanel = A&E-33ste] MeOHEFS 3|3}

A CH.Clo9} Acetone, MeOHS €% £z AFg3}o], silica gel
column chromatography 3}th Aol MeOH, Acetone, CH.Cl,&
Z}7y 2:3:959] Ao E ARESISA 1 T2 MeOHS %L 3%, 5%,
10%, 100%% SAER o 2% 5709 Fr.& AAH(Fig. 9).

Fr.1& £&%8" % EtOAc, n—Hexane, CH,Cl; Acetone, MeOHS A&

3 silica gel column chromatographydtel & 10709] Fr.S <t}
Fr.1-1(EtOAc:n—Hexane=70:30)+ silica gel column chromatography

S 7% Fr.1-1—1(2—Propanaol:Hexane:CH,CI>,=10:18:72)% AQ 1L A<
3 silica gel Semi—preparative HPLCS MeOH: Hexane:CH:CI;=1:49.5
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149.5¢] W& A8l Compound 4(15.1mg)< & 3itt.

Fr.1-2(EtOAc 100%)< silica gel column®] &% Semi—preparative
HPLCE €vl CH:CI;:MeOH=98:25 A}-83}o] Compound 2(19.8mg)S
S

Fr.1—3(CH2Clo:Acetone=95:5)2 silica gel column chromatographyd}
FeH §EEE EtOAc:CH:CL=30:705 AFE3Iqlth o] Aoz &
Fr.1-3—1+ RP—-18 Semi—preparative HPLCZ 23 Compound 5(8.2
ng)E VATh Sl 2= MeOH:H,0=20:807F AH-&-= At}

Fr.2(CHsCls:MeOH=95:5)= RP—18 column chromatography®= Fr.2
—1(MeOH:H:0=40:60)< o] o]Z silica gel MPLC(MeOH:Hexane
:CH2CI,=5:47.5:47.5)3k] Z}7F Fr.2—1-13 Fr.2—1-25 =233}

Fr.2—1-2< RP—18 column chromatography® MeOH:H.0=(30:70) —(
0:100)& MeOH®| 4= HH =9 Fo] Fr. 2-1-1- doj ol& HFA
o= RP —18 Semi—preparative HPLC3}%] Compound 1(19.1mg)&

st ar o] w), fm 72 2—-Propanaol:Hexane:CH,CIo=10:18 :72 ©|%]

Fr.2—1(MeOH:H,0=40:60)<=  silica gel MPLC (MeOH:Hexane
‘CHCl2=5:47.5:47.5)38F0]  dojxl  Fr.2—1-2%  Sephadex  LH-20
(CH:Cl2:MeOH=280:20)3}] Fr.2—1-2-1& wx=o silica  gel
Semi—preparative  HPLC(2—Propanaol :Hexane:CH,CIl,=10:18:72)3}<]
Compound 3(10.4mg)S 23}t
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KM 593 XE(1.7g)

Silica gel ¢.c.
Fr.1 Fr.2
MeOH:Acetone: CH,Cl,=3:2:95 MeOH:CH
Silica gel c.c.
Fr.2-1
MeOH:H,0=40:60
Fr.l-1 g;;f Fr.1-3
EtOAc:Hexane= wly" Acetone:CH,Cl,=
70:30 595 Fr. 2-1-1 Fr2-1-2
Silica gel c.c. Silicagelc.c. | RP-18c.c.
Sephadex LH-20
Fr.1-1-1 Fr.1-3-1
2-Propanaol:CH,Cl,:Hexane CH,CI:EtOAc=70:30
=10:72:18 Fr.2-1-1-1 Fr. 2-12-1
MeOH:H,0 .
Silica gel 0:70)~(100:0 MeOH.CH,C],
. =(30:70)-(100:0) =20:80
HPLC RP-18 Silica gel Semi »
Silica gel MeOH:CH; | Semi prep m”" prep Semslhcfml HpLC
f?;ﬁ.‘i'é’ﬁ,a, Nty MeOH:H,0 2-Propanaol:CH,Cl, Z-Pro:mpananl:CHICl,
. - :Hexane=10:72:18 . .
‘Hexane — Hexane=10:72:18
=1:49.5:49.5
Compound 4 Compound 2 Compound 5 Compound 1 Compound 3
(15.1mg) (19.8mg) (8.2mg) (19.1mg) (10.4mg)

Fig. 9. Isolation of bioactive compounds from strain KM593.

3.1 S EAY +x 2AHA
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1) Compound 1
Compound 1-& #Ao] x| (White solid)® AAAAS B om VS(V

-]

anillin—sulfuric acid)¥tg-olAq M-S B [a]*pgho] —72.0 (c=0.5,

MeOH), RP—18 TLColA MeOH:H,0=5:59 u, R, 0.529] #S 7FHo

H UV 254nmellAl &5 Bt o] 22& ESI-MSE &3l o]Fo] H

om ESI-MSelA m/z 283 [M+Nal*S HR—-ESIMSlA m/z 261. 1245

[M+H]"9] 2+S w76l o] Compound 19 E244S CpyHN205% B

Aok o] B3Ee Ee-58d 54L& Table 59 YRR 'H and
e

“C—NMR 2=

Table 5. Physico—chemical properties of compound 1

Compound 1
Appearance White solid
[al*p —72.0 (¢=0.5, MeOH)
ESI-MS(m/z) 283 [M+Nal®
HR—ESIMS (m/z) 261. 1245 [M+H]"
Molecular formula C14H16N203
Solubility
soluble MeOH, EtOAc, CH:Cl:
insouble H.0, Hept
TLC(RP—18) Rs = 0.52 (MeOH : H,O =5:5)
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Table 6. 'H and ®C NMR data for compound 1 in CDsOD

'"H-'H
Position Su 6c HMBC
COSYy
1 166.7 s H-2, 4, 5
2 4.34(1H, t, 5.5) H—-8a 57.8 d H-8
3 170.5 s H-2, 7,8
4 4.03(1H, m) H—-5a 60.0 d H-5, 7
5 a. 2.08(1H, m)
H-4, 6 294 t H-4, 6
b. 1.23(1H, m)
6 1.79(2H, m) H—5a, 5b, 7 22.7 t H-5, 7
7 3.54(2H, m) H-6 459 t H-5, 6
8 a. 3.09(1H, dd, 14.5/5.5)
HS 376t H-2, 3,1, 2/ 6
b. 3.33(1H, dd, 14.5/5.5)
1 1275 t
2'/6' 7.01 (2H, br d, 9.0) NS/ 131.9 t H-8, 4', 3'/5'
3'/5' 6.68 (2H, br d, 9.0) H-2"/6 116.0 t H-1', 4", 2'/6'
4' 1574 t H-3'/5", 2'/6'

Assignment were aided by a combination of 'H-'H COSY, HMQC and

HMBC experiments. The coupling constants(Hz) are in parentheses.

7} Exo A3 ALE HMQCE EUZ 9 4 gtk 'H-NMR §
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7.01(br d, H-2', 6"), &§6.94(br d, H—3' 5")°l4 1,4—disubstituted
phenyl ringo] &S d#FAal o] peake] I T3 1—4 disubstituted
phenyl ring %9 #¥H< peakolt}). o]E9 “C-NMRe|A &= §131.9,
6116.0<2 ol& A A|aklth(Fig. 10, 11).

Water

H3' /H5' Hep 182

H2' /H6

H7
H2 H5b

| Hba [
|| H4 \
! fF|| L LJ M I\ "nl ’

NN I IO Y \_} __ JJ .

/
e v e r i : ———

| AN

- 6 s 4 3 z 1 .ppm.

Fig. 10. 'H NMR spectrum of compound 1 (in CDsOD).
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MeOH

s=n CB C5 C6
c3 c1 ot

: c4 3
cr g . 2
| =g

g 3 |
| 1. |
___‘ll _L” S Wy . Jl ?‘H l lhl

e e T s

Fig. 11. ¥C NMR spectrum of compound 1 (in CDsOD).

a8l 'H-'H COSY:E 29 3, 59 69 d4e& HI

N
52
=

aromatic ring®] o2 FES §127.5(C—1'), 6157.4(C—4H=E TAHES
HMBC® & 4 A (Fig. 12).

§166.7(C—1), §170.5(C—3)2 X|3k= =] 22 carbonyl groupe] BA<
S o = 9tk 'H PC-NMRelA o] & % carbonylS 2709 amide

§57.8/4.34(CH-2), §60.0/4.03(CH—4)ollA NI} C¢ o4& o

-

U= §2.08(CH,—5), 8§1.79(CH,—6), 63.54(CH,~7)¥ E% 'H-'H
COSY® —CH,—CH,—CH,—9¢] ®¥&¥ Fx=2 A= A4z o §

T
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60.0/4.03(CH—4)9} A% A H(Fig. 12).

H2'/HE
H3/Hs k3
J H2 g4 h H5 HE
1 K < n-LJi Y o
f p2 T  _ Hi-HE "
= (ppa) g s
| | H5-H6 E
]
=, ' H4 T
HE - . HS  mase w i e
H =< = f2t: .gm
- |
H2-HE Ho; My,
1 3
HB - . \-ii- .-
H7 —sz _ ﬂ H6-H7 — %5
| il
Hé o I i = ==
HZ2 —= | £ e ‘
51 Y Ha—-H#
5 ﬂz
fis i
HIVHE —— 1 A s Selhe |
7
HZ/HE ! *"-"/ |
:--—u—u—-——,—u—'—-——r—ﬁ I e e e B e
r.n B.5 E.0 5.5 5.0 4.5 q. I] 3.5 3.0 2.8 2.0 1.5
FL (ppm)

Fig. 12. 'H-'H COSY spectrum of compound 1 (in CDsOD).

637.6/3.33(CH,—8)2 660.0/4.03(CH=4)¢} 'H-'H COSYZ A=
o}, oA U RHE FXES HMBCS IHDol Edis] M=z dZAs]

proline carbonyl 6170.5(C—1), tyrosine carbonyl §166.7(C—3)E <o
dikeopiperazine®] &S 7FAS &4 4 AA

'"HZ} BC—NMR 2~HEHS 23 t)x3st 23, compound 1L Cyclo—(L
—Pro—L—-Tyr)¥o] #H¥At. o] 3}
o9} FAF Fxo] FFgEo] HHIUSS & F YA o] A

=
5 = 35 :
F4E SR a0 F des & F AUV (Fig. 13).

22 Bacteria®® Fungus® Sl A

e
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Fig. 13. Chemical structure of compound 1.
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2) Compound 2
Compound 2% 3 Aol 14 (White solid)@om VSEFS-o|A FA1S
RP—18 TLCelA MeOH : H,O =5:5¢ ®, R, 0.209 %S 714

45 Bt Compound 49 E-3}8H4 54

=

RN
t}. UV 254nmolA
Table 74 A 35it}.

o] B4 B2 'H and "C-NMR AHEZHS 23 =AU 'H

7} BC—NMR data: Table 89 A7 3t}

Table 7. Physico—chemical properties of compound 2

Compound 2

Appearance colorless oil

[a]* —80.9 (¢=2.6, MeOH)
EI-MS(m/z) 244.1 [M+H]"

Solubility

soluble MeOH, EtOAc, CH-2Cl,

insouble H-.0, Hept
TLC(RP—-18) R, = 0.20 (MeOH : H;0 =5:5)
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Table 8. 'H and *C NMR data for compound 2 in CDsOD

Position 8u ¢
1 171.1 s
2 4.44(1H, m) 57.8 d
3 167.0 s
4 4.05(1H, dd) 60.2 d
5 a. 2.08(1H, m) 29.5 t
b. 1.20(1H, m)
6 1.81(2H, m) 228 t
7 3.36~3.53(2H, m) 46.1 t
8 3.15(2H, m) 38.3 t
1 137.4 s
2’/ 6 7.24(2H, m) 131.2 d
3’5 7.27(2H, m) 129.5 d
4 7.24(1H, m) 128.2 s

Assignment were aided by a combination of 'H-'H COSY,
HMQC and HMBC experiments. The coupling constants(Hz) are

in parentheses.
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"H-NMR Z=FEHo|A A& FHo= 14709 Hol] e Aoz
t}. *C-NMR ~FEZ o2 Co| 14707} 9o o5 %3t de= C 37,
CH 770, CH: 4701 A& & & AN (Fig. 14, 15).

C 37 = 6171.1(C—1)3} §167.0(C—3)= carbonyl group
A Fe C 170+ 6137.4 aromatic ring®] C= FHE A}

n%
o
Jot
r o

ol
ok

Water MeOH
H? /M
HI M
H4'
HE
|
| : HT =
' | H2Z H3b
|| | H3a
| \ e J '| |
| |
___,___,‘I \-_._,_“—__‘_______/-“ ‘-,_)1[,___,_,!] Lok} # ib \J-"____\_,i._,L -LL)"\,______A_

——— s — r
] ? [ 5 a 3 2 _'L ppa

Fig. 14. 'H NMR spectrum of compound 2 (in CDsOD).

§7.24/131.2(2H, m, CH-2/ 6’), 67.27/129.5(2H, m, CH-3/ 5’)
S §7.24/128.2(1H, m, CH—4)¥ §137.4(C—1)3 37 aromatic ring

o 4 9 X¥ FEl:= mono—substituted aromatic ring%

o
o,
il
o
m

ftlo
e
30,
b4
o

62.08,1.20/29.5(1H, m, CHy—5), 60.78/22.8(2H, m, CH2—6), 63.36~
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3.53/46.1(2H, m, CH.,—7)+ 23 -2~3 zZe}-(spin—spins plitting) =
methine ©] A= AAHJE FEFF —CH,—CH;—CHy—2o. %2 Mz A2

= ATt

MeOH

C3 Az
€2 o

e Cc7
C8

C5
cs

Cc1
. C4
\ c3 Cc4 CZz

Fig. 15. ®*C NMR spectrum of compound 2 (in CDsOD).

271¢] CH 64.09/57.8(1H, m, CH—2), §4.05/60.2(1H, dd, CH—4)+<
QoA % AA3F compound 13} #o] N-CATS 7HAl+= 9 IS 71
compound= AT,

Compound 2% VS¥H&-3} &% Aako]l compound 19} frAletgla 'H
7 BC—NMRAFEHL compound 19 1—-4 disubstituted aromatic ring
= A8t AY FARRE FES BEdes & 5 AT @2k Compound

2= DKP 1% A9Y FAFsI} aromatic ringel A& dHgw o=

Compound¥ AHolg} FF3Ax 19 H|s F+x25 712 CompoundE
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ZAF etk o] A3 compound 2% Cyclo—(Phe—Pro)d& & + 3
}(Fig. 16).
) 23k T30 4282999 64 09(H-2)3} 64.05(H—4)= F-ET1Z aromatic

rlg
rQ

4

ring®} —CH—-CH,—CH,—CH,—o° HMBC= Z}Z} A Z% o] phenyl alanine
k7194 prolinet71E  ©]F9 Cyclo—(Phe=Pro)¥d<& & & UYL 53
[a]®p —80.9 (¢=2.6, MeOH)*= compound 27} Cyclo—(L—Phe—L—Pro)&}
EAMEE AAS FA [alp7h AAE v =2l A Cyelo—(L—Phe—

L-Pro)= [al®®s =94 (¢=0.5, MeOH)S ®B At} "

3.36~3.53
7 46.1

6
0.78
22.8
128.2 3 >
1295 29.5

Fig. 16. Chemical structure of compound 2.
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3) Compound 3

Compound 3% Al A9 A (White solid)® FFAAE Holi
VSukg o2 FAS vERglen RP-18 TLColA MeOH @ H:0 =5:5¢
w, Ry 0.559] %<& 7F8ar UV 254nmell A F45 23tk [a]”hs +56.0
(c=0.5, MeOH)o| 2L IR =FHEHo|A 3231, 2954, 1644, 1614, 1514,
1455, 1242cm oA EF542 Ryl o]2ZA] OH =& NH7|$} aromatic
ring, amide carbonyl”7]7} QS Ao} FAHIS T ESI-MSolA m/z
261.40[M+H]"¢ HRESI-MSlA m/z 261.1225[M+H]" 9] peakE B O
o B2 CuHisN032 985t Compound 3¢ E¢-38h% EH &

Table 991 A#]¥o] ¢l 'H and "C—NMR-S Table 100] 1} 9)

Table 9. Physico—chemical properties of compound 3

Compound 3
Appearance White solid
[a]*" +56.0 (¢=0.5, MeOH)

IR Viax, cm™ ' (MeOH) 3231, 2954, 1644, 1614, 1514, 1455, 1242

EI-MS(m/z) 261.40 [M+H]"
HR—ESIMS(m/z) 261. 1245 [M+H]"
Molecular formula C14H16N203

Solubility
soluble MeOH, EtOAc, CH-Cl;
insouble H20, Hept

TLC(RP-18) R, = 0.55 (MeOH : H,O =5:5)
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Table 10. 'H and *C NMR data for compound 3 in CDsOD

'"H-"H
Position Su &c HMBC
COSY
1 171.1 s H-4, 6, 8a, 8b
2 4.13(1H, t, 4.5) H—8a, 8b 59.8 d H—8a, 8b, 1'
3 167.3 s H-2, 4
4 2.59(1H, dd, 5.8/ 16.5) H—-5b, 6b 59.1 d H-1, 5, 6
a. 1.64(1H, m) H—4, 6a
5 29.8 t H-6, 7
b. 2.05(1H, m) H—-4, 6b
a. 1.94(1H, m) H—>5a, 7
6 225t H—-4, 5, 7
b. 1.64(1H, m) H—4, 5b, 7
7 3.561(2H, m) H—6a, 6b 46.0 t H-6

8 a. 3.10(1H, dd, 4.5/18.5) = H-2, 8a 40.2 t H-1, 2, 3, 4, 1

b. 2.86(1H, dd, 4.5/18.5) ~ H-2, 8b H-3, 4, 1', 4
1' 126.8 s H-2, 8a, 8b, 3'/5'
2'/6' 6.94 (2H, br d, 8.4) H-3'/5' 132.1 d H-8a, 8b, 3'/5'
3'/5' 6.70 (2H, br d, 8.4) H-2'/6' 116.2 d H-2'/6'
4' 158.0 s H-3'/5', 2'/6'

Assignment were aided by a combination of 'H—'H COSY, HMQC and

HMBC experiments. The coupling constants(Hz) are in parentheses.
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Water

00,0

100

200.0

\ H2 H3a H

Miltians}
. &m

ch

]

48795
1
1
1

A : paeis per MiBon 2 101

Fig. 17. 'H NMR spectrum of compound 3 (in CDsOD).

Compound 13 ®laus] BSkS wf B 78] peaks AlQlsh: 7] fFARSH
NMR 2~ E#HS HY 7o compound 13 compound 3¢] isomer AT}
s F5T F

Zb gae] AE AEE 94 HMQCE Ed2 & 4 Ak 'H-NMR
§6.70(br d, H—3', 5'), §6.94(br d, H—3', 5|4 1—4 disubstituted
aromatic ring®] U&L A FAI o] peake] FE] 3 1—4 disubstitut
ed aromatic ring %9 HAHAQ peakloltl. o]E¢] PC-NMR 4%

§132.1, §116.22 ol& A A (Fig. 17, 18).

BC—NMR 4x21 §171.1, 8167.3 amide carbonyl groupd ©FAgo
™ §59.1/2.59(CH—-2), 6§59.8/4.13(CH—4)o- N-CAES &<l & +

At
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49.284
49.000

48.719

48.435

132.150

126.807

.150
—\: 46.091
40.220
29.878

171.194
167.368

Rl

T
] LN H ‘LL

T T T T Til e e e e N B e T
160 140 120 100 80 60 ppm

Fig. 18. *C NMR spectrum of compound 3 (in CDsOD).

U= 62.05, 1.64(CHy—5), 61.94, 1.64(CH.—6), 63.51(CH,—7)&
=% '"H-'H COSYZ —CH,—CHy—CH,—9¢] H& 7%= Mz JdA5a o
=  659.1/2.59(CH-4)¢F AA=JH. 640.2/3.10, 2.84(CH:—8)2 &
59.8/4.13(CH-2)¢} 'H-'H COSYE dAHL}. ol2A U & x5
S HMBC® IHDol Edisf A& AZA3ste] proline carbonyl §
171.1(C—-1),  tyrosine  carbonyl  6167.3(C—-3)2  do] X

dikeopiperazine?] F=AAS & & AUATH(Fig. 19).
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C2 /C C3 A=

&
\\Cd AIEC::CE
C1LC3 Cq a1 |
|
i | [
) rz =
HSa [ —=- (o] LB . Ca-86 o
Hba = 2.0 - - Ca4-Hs = - -
H:—:hq“ : R sy - ]
Ly C3H4 * G
Hsa\Ha = | ‘mC1-14 C2-HBa = a -
—_— L —eee——aeSehes - ——— e -
HEh —=, | o oo CIHED o e
MeDH - 3.5 Cl-HBa HE = -
H7 - = - =
& - £
—— | _ - B —
HZ 1.5 C3-H2 e
Water _— 5.:? - . s
5.5
. C2 & HF 5
cl 1= 5
| . C& B s
HI A5 . -
| o e o
H2 H e — 7.e el e S —HF & - o
6 '. L B
3K il NN 4

164 140 Kzt o 1] 1] 40 20
Fl (ppm)

Fig. 19. HMBC spectrum of compound 3 (in CDsOD).

compound 13 'H-NMR 2#EZHS H|wdS uw, compound 1< §
4.34(1H, t, H-2)3} §4.03(1H, dd, H-4)9] %< 7FAal compound 3&
64.13(1H, t, H-2)3} 62.59(1H, q H-4)2 4¥H He A7} g&
isomer@AlNl = FELS & F AT

[a]*’y +56.0% compound 121 Cyclo—(L—Pro—L—Tyr)7} —72.0¢] #<
A ER olst JAlTxIF T FFEYS ¢ 5 Az 'H-NMR =¥ E
o] EHNZERE 53] compound 39 TFE Cyclo—(D—Pro—L—Tyr)< 9]
B H o7 (Fig. 20).
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- 413
' 286310 H
132.1
5 4024

Fig. 20. Chemical structure of compound 3.
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4) Compound 4
Compound 48 3 Mol A (White solid)® HAAAAE B om VSyk
SollA EAe B33 RP-18 TLCOIA MeOH : H.O =5:5¢ w, Ry 0.30
o] #& 7HATE UV 254nmelA &5 or [a]*p= -29.8
(c=1.1, MeOH)e]dT}. ©] s}3t&E9 &-313t4 542 Table 110 A
a3t

rulru
HI

o] A &

&‘O
g:_‘CZ‘
1

Table 11. Physico—chemical properties of compound 4

Compound 4
Appearance White solid
[al®p —29.8 (c=1.1, MeOH)
IR Vmax, cm™ ' (MeOH) 3400, 1630
Solubility

soluble MeOH, EtOAc, CHyCl;
insouble H20, Hept

TLC(RP—18) Rs = 0.30 (MeOH : H,O =5:5)
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Table 12. 'H and ®C NMR data for compound 4 in CDsOD

Position Su '"H-'H COSY 8¢

1 170.1 s

2 4.25(1H, t) H—8a, 8b 53.4 d

5 166.0 s

4 4.10(1H, m) H—5a, 5b 58.9 d

5 a. 2.01(1H, m) H—4, 6a, 6b 28.1 t
b. 1.50(1H, m)

6 a. 2.00(1H, m) H-5a, 5b, 7 23.3 t
b. 1.90(1H, m)

7 3.50(2H, m) H—6a, 6b 45.5 t

8 a. 2.30(1H, m) H-2, 1’ 38.6 t
b. 2.00(1H, m)

9 1.80(1H, m) H—8a, 8b 24.7 d

10 0.96(3H, d) H-9, 11 21.2 q

11 1.00(3H, d) H-9, 10 22.8 q

Assignment were aided by a combination of 'H—'H COSY, HMQC and

HMBC experiments. The coupling constants(Hz) are in parentheses.
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o] B4 B4 'H and “C-NMR, IR 2=HEHS Fa| o] o4

m&2 Abge 'TH-NMR ~#HEfo]A A& HoR 18719 H
o] 9lal o]F b He Co] ok hetero YAkl = HeZ FZHU
(Fig. 21). "C-NMR =FEgo=& Co] 11747} lom o]59 X3 e
= DEPTE %3 C 270, CH 370, CH, 470, CH; 2715 & 4 AUk sp

A%E C 270= IR ~FEdA carbonyl groupe]l EAES & + AU

O
-
Q
il
o

119
m (o]
Lo
r o
ol
20
38

STE 163022 o|59] amide ZA3¥E carbonyl group

;m

T3k 34009 &9+ primary amine N—H9 AddS & 4+ A
o] 24 heteroyA}e] Hol AAS & 4= AT o] RE ARE &
w] compound 49 EAAL CHigN,0.2 ¥ Ach 'H and “C—NMR
~HE--L2 Table 129 Yo} 9
64.25/54.0(1H, t, CH—2)¢} §4.10/60.1(1H, m, CH-4)& N-Cx7]¢
S o 4 At 62.01/28.8(1H, m, CH:—5), 62.00/23.2(1H, m,
—6), 63.50/46.0(2H, m, CH.—7)¥ E% 'H-'H COSY® —CH,—CH,
—CH,—9] B8 Fx= M2 Ad4% 3 ol& §4.10/60.1(1H, m, CH—4)%
A= At
60.96/21.4(3H, d, CH;—10), 61.00/22.8(3H, d, CH;—11)< Z}7} 61.0
oA doubleto.Z A2 9GS 71X o|9} 'H-'H COSYZ AAH §
1.80/25.0(1H, m, CH—9)¢] Ho] CHs¢|] He| d3FO = Septeto] RG]

A-~31  zZgFd(spin—spin  splitting)S  HF 7] o FE  Fx7}

e

isopropyl group& °lm& & F U o] FE= DQ-COSYE §
2.30/38.2(1H, m, CH,—8)¥} 64.25/54.0(1H, t, CH-2)Z x}d = AA4H S
t}.

amide ZA3%E carbonyl group?l 6§172.6(C—1)S HMBCZ H-29 83}
long—range correlationd}o] o]& FE7xe} AZAEH ] leucine 7|7}

Ak U §168.5(C—3)= A HMBCE H-47} o]FiL 4= —CH
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13 14 15 1.6 L7 13 19 20 21 22 23 24

06 87 0% 0.9 1.0 L1 1.2

[ 13

0.4

0 01 oe2 ol

GO0
G188

ails
Exl
Sa8

X 3 parts pes I

Fig. 21. 'H NMR spectrum of compound 4 (in CDsOD).

—CH,—CH,;—CHy,— 9] H& %9} eZ25 9] proline 7|7} %It} leucine
carbonyl §172.6(C—1)3 H-4, proline carbonyl 6168.5(C—3)¥ H—-29]
270¢] HMBC long—range correlation® [HDo| 93¢] leucine <t7]¢}

proline #7|7} A3l dikeopiperazine® S 717 Cyclo—(—Pro—Leu—)

ds & F AT
T 5] = x]28-29.38—41) 2 p (T Do T _ ur=]
T ZA} A3} compound 4+ Cyclo—(L—Pro—L—Leu)® Y3 H

t}(Fig. 22).
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4.25

2.30/2.00 H
38.2
8

5
2.01/1.50
28.8

Fig. 22. Chemical structure of compound 4.
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5) Compound 5

Compound 5% 3 Mol A (White solid)® HAAAELE B ow VSyk
SollA AAE Bal RP—18 TLCOlA MeOH : H,O =5:5¢ #, Rr 0.34
o] S 7HHH. UV 254nmollX S5 HolAl &t o stgd=9 =
2]-3}5}4 54 Table 130 A3kt

o] compound®] F+x+= 'H I “C-NMR, IR ~2FEH7

d dx==

e

9F2 o]Fo A}t 'TH-NMR, 'H-'H-COSY: Table 149 Ae]stait}.
'H-NMR A~#HE&Ho|A 15701 He| o+ Aoz FAHEATH Fig. 23).

Table 13. Physico—chemical properties of compound 5

Compound 5
Appearance White solid
[a]® —127.7°(c=0.5, MeOH)
IR Vmax, cm  (KBr) 3400, 1630, 1600
Solubility
soluble MeOH, EtOAc, CH:Cl.
insouble H>0, Hept
TLC(RP—18) R; = 0.34(MeOH : H,O =5:5)
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Table 14. 'H NMR data for compound 5 in CDsOD

Position S '"H-'H COSY
1
2 4.02(1H, s) H-8
3
4 4.19(1H, t) H-5
5 a. 2.30(1H, m) H—4, 6
b. 1.92(1H, m)
6 1.92(2H, m) H—4, 5a, 5b, 7
7 3.50(2H, m) H-6, 5b
8 2.46(1H, m) H-1,2'
9 1.08(1H, d) H-8

10 0.93(3H, d) H-8
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AN A Y

Al
,»;,,b‘h'(k{
|

Fig. 23. 'H NMR spectrum of compound 5 (in CDsOD).

Compound 5+ oA F+x AASH compound 1—-4 ¢F FAFsH &34
A2 9 MH-NMR, 'H-'H-COSYS 7F4AS < 4 qt}l. 61.08(3H, d,
H-9)3} §0.93(3H, d, H-10) 2719 CH;= §2.46(1H, m, H-8)7} 914

o] isopropyl groups ©|Fi o] FEFZ7}F AZAES valine F7]17F H

= Aoz v A}
o] RE A8E =% 2 uw compound 5% oA EEH tE 3=
E3} w7 A 2 dikeopiperazined] L 7} DKPYUS F=3 4+ A

o}, B3 tfx3k 2y} o] stetEo] olw] 4 A Cyclo—(Pro—Val) 2 93 %
Iq}29,37)
AAT2E §4.02(1H, s, H-2), §4.19(1H, t, H-4)9 Fx& &3 1

z3te] D-valineT29& & F A Y [a]*p -103(c 0.5,



MeOH)o] A" —127.7 (¢=0.5, MeOH) 2] [al*’p7ko]

t}.%” welA compound 5% Cyelo—(L—Pro—D—Leu) <

(Fig. 24).

1.089

O
Fig. 24. Chemical structure

of compound 5.
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3.2 94 sFE(1~5)9 A&

Archangium gephyra KM5932] o|xtjARaE 2 5E Halw 5719 3HeE
& T diketopiperazine 3}¢HE= ¥ Ful
Diketopiperazines(2,5—diketopiperazines; Cyclo dipeptides or 2,5—dio
xypiperazines; DOPs)+ 190619 ¥ FHlov} Hto] Fojx Adst
TrE 7HAA | sstEolth. o] compoundse] A AlgHAQd G
1l ol
gt 7]ES Ashed o] &H A ofe] A4 =il model compounds =
Abg-E Y

o] 3}EEL vl & 7IHE A= bioactive peptidesE & AH o

2 ouAE Rofol 9lom™ A 7z G FAH O R antibacterial,

)
ol

=

A Ao = Qlal, diketopiperazine<> larger peptides® &XH4 ©]

<

fungicidal,  herbicidal,  antitumor,  antivirals ] QT H
significant bioactivity’”$F 2¢], "quorum sensing''o]g} Egl:= ule g
o}9] cell—cell signalling mechanism® &= Q& o] & st #A
o] Z7}¥ 31 1 LuxR—mediated quorum sensing system of bacteria
o] g4 # o] 7t s} (antagonise) 71 5-& dh= 2 o= W Ak o

H oA ORAC assay 9 DPPH assaysS %3l Archangium
gephyra KM593-%2]¢] diketopiperazine3$%E 1~5¢] &xk3t &48 =4
E A=
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1) 3413184 (ORAC and DPPH assay)
shakste S 7| FolA radical 247 S WA=, ORAC, TEAC,
ABTS, TRAP, DPPH, DCFH-METHOD %o| =t o5 F < 3
oA kst 7e S 2t AEdE AFE ] flste], U. S. Dept, Agri
culturedl A 533 23 7oz ORACE AE3ta e FAlolth
ORAC assay(Oxygen Radical Absorbance Capacity)= AUC(Area
Under the Curve)Z ZA3d free radical £4 o] it AEZS ZHs= o
9] inhibition method®% Reaction A& Buffer?} Sample, FL
solutione mix%F ¥, radical generatorQ]l AAPHE H7}sto =4 HEE0|
AlZE 3L o] )= AAPHOl ©]3t¢] FL decay’b ¥ojubi=H| Antioxidant
7F A8 FL decayRbg-o] JAldth= 21& o] &3 Zlojth
DPPH(1,1—diphenyl—2—picrylhydrazyl)x= wj-9- <+A 3t free radical®
517nmoll A 5449 FFFE Hehdle B ggEolth. {78 mol <t
T oFA3Stal proton—radical scavengerol] 93] A= A3t FHAS
Setow gA ##Ed 5 A7]dl DPPH assay= 7Hd €8] o]&Hi U=
Fast g3 S ol
ORAC assayollA] tIZEAZ 22l TroloxE 1& HYS o IJIE 1S
& =

Hezesdiag o 43 245 7He & 5 A 3= 3

H\

(Table 15).
s}3% 1% 32 phenyl group® EAIR 3 ek Fabst G445 7
A Aog FAHEY FFAE 5L FFEQA 19 39 259 YAT
Zo] ztolZ Q3 thE ikslE S 7T o] A¥E EdiE olE 3
o] JAFx7t FakstE o] FUbe e F S S ¢

PN
T
o5 Al WF dHS Ha FEATVE =32 22Tt vk
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Table 15. Antioxidant activities of compounds 1 ~ 5

ORAC assay® DPPH assay”
Compound 1 1.724 n.t.c
Compound 2 0.872 200<
Compound 3 0.904 200<
Compound 4 0.545 200<
Compound 5 0.079 200<

? ORAC values are expressed as relative Trolox equivalent.
> DPPH ICso(gg/ml) are compared with Ascorbic acid.

° n.t.= not tested
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AAA = ok & dHA AA F2 MAE a 2
Ads 5 4 Ak o Al 7ok g FHuAe A4, #EE TV 59
270X = NS AEE Bol HAAE o]Fo HAF sl wE o
2% st = S AwY A A (fruiting body) 2 WEatH, 1 Yhol A]
= BAE AE7F AN EA(myxospore) 2 WstehE ] Solgh cell
cycles 7RI Aletg ol sk skl MlEse] Eojso] YAH= ALA
1Rkl vkd Bub olye a5 Foll= oY dHz 2 w3td As

= gt AAN TS Bergey's Manual(9th)e] Al 2% gram &4 SFA+F

i
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Fig. 35. IR Spectrum of compound 4 (in MeOH).
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Fig. 36. DEPT spectrum of compound 4 (in CDsOD, 75MHz).
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