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Diketopiperazines from Cordyceps militaris

Seon Beom Kim, Bang Yeon Hwang, and Mi Kyeong Lee*
College of Pharmacy, Chungbuk National University, Cheongju 361-763, Korea

Abstract — In a continuation of investigation on Cordyceps militaris, thirteen compounds were isolated from the CH,Cl, and
n-BuOH-soluble fraction of C. militaris. They were identified as twelve diketopiperazines such as cyclo(L-Gly-L-Pro) (1),
cyclo(L-Ala-L-Pro) (2), cyclo(L-Ser-L-Pro) (3), cyclo(L-Val-L-Pro) (4), cyclo(L-Thr-L-Pro) (5), cyclo(L-Pro-L-Pro) (6), cyclo(L-
Thr-L-Leu) (7), cyclo(L-Tyr-L-Ala) (8), cyclo(L-Phe-L-Ser) (9), cyclo(L-Phe-L-Pro) (10), cyclo(L-Tyr-L-Pro) (11) and brevi-
anamide F (13), and an amino acid, tryptophan (12). Their structures were identified on the basis of chemical evidences and
spectroscopic analysis including 1D-NMR ('H, C), 2D-NMR (HSQC, HMBC) and MS spectral data. Among the isolated
compounds, compounds 1, 2, 6-11 are first reported from C. militaris.
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AEE — Aol AR 5F3E(C. militaris)®] AN E
= 20099 109 FEXNTHOZRE Aok, b
2 ool ®wg = we} DSt A 5] FE
S SEOE ot et ofx 9 A HEo] 9l
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AleF & 717] —NMR ZHEZLS Bruker DRX 500 MHz
NMR spectrometers ©|-8-31] S48t} Semipreparative
HPLC+ Waters HPLC system(Waters 600 Q-pumps, a
996 photodiode array detector, and Waters Empower
software)2 ©]23}%] Gemini-NX ODS-column(5 pm, 10
x150 mm)S AHE-8te] 542 B2lE Al=3t9th MPLC=
Biotage®] Isolera one system2 ©]-8-3} $=3§3}3i L.

HE 2| -Axd 7HEIE ] FFekx AHEA 15kg
& A20A 50% EtOHZ 23] FZ3I5th. F298 o3
gk Fof] S 3 A9t $F71E F53ke] 50% EtOH
FEE(183.7 905 FALeH, o] = FEHAA CHLCL,
EtOAc, n-BuOHZ A U2 2 F3te] CH,CL(18.9 g),
EtOAc(4.9 g), n-BuOH(69.7 g) -8 &S AT}

CH,ClL, ¥8&-& MPLC silica gel(10x25 cm, n-hexane
— CH,Cl, - MeOH gradient)S Al3)ste] F 22719] #-3]
M1-M22)°. 2 Y7Rit}. 5 M162 CH,ClL,-MeOH(1:1)
< 0573 S 2 Sephadex LH-20 ZHIAZEI I E 5
g3le, F o] A (MI6A-MI6D)S ATt o] F &
5 MI16DE semi-preparative HPLC(MeOH : H,0=30:
702 3 ste] 31EHE 4(2.7 mg), 6(1.4mg) 2 10(1.2 mg)
5 ATk 3RME 13(1.4 me)e H5] M18S semi-preparative
HPLC(MeOH : H,0 = 12 : 88)2 =33lo] A&t}

n-BuOH £ &< HP-20 ZH A2 vE 18 I(H,0 -
MeOH 20% gradientyS s+t 6719 #2(B1-Bo)= &
AT} B2 #3S MPLC silica gel 2H A ZrtE 28 ¥
(CH,Cl,— MeOH gradient)S ©]-&3to] 3 10712 # 3
(B2A-B2))2. 2 31t} &~E3 B2AE semi-preparative
HPLC(MeCN : H,0=20: 80)2 AF&3lo] 313HE 5(6.6 mg)
o} 3l3HE 12(8.0 mg)E E2lattt. 278 B2Bel tisiy
Sephadex LH-20 ZH A ZrtE12)3] 2 semi-preparative
HPLC(MeOH : H,0 = 10 : 90)2 ©]-8-3}o] 3}3HE 1(6.4 mg)
2 3(1.1 mgye Ao 35 72 B2CEYS Sephadex
LH-20 Z9 A= rtET2 2} 3|(MeOH)S +4 3+ & 27
(MeOH)& ©]-§-3t4] A3t} B3E S MPLC silica
gel(CH,Cl, - MeOH gradient)yS ©]83lo] & 127112] £3)
(B3A-B3L)C.Z WSl o5 £33 T B3A EFo2RE
semi-preparative HPLC(MeOH : H,0 =20 : 80)& <23 3}]
513 2(4.8 mg)S E2l519 L, 35S 8(3.7mg) 2 9(0.8
mg)= B3D #¥< semi-preparative HPLC(MeOH : H,0 =
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30:70)2 asle] FASIAT 3 11(1.7 mg)e B3A
8& semi-preparative HPLC(MeOH : H,0 =25 : 75)&
gatod At

Compound 13: 'H-NMR (CD,0OD, 500 MHz) 57.59
(I1H, d, J = 8.0 Hz, H-5"), 7.12 (IH, s, H-3), 7.11 (I1H,
dt, J = 1.0, 7.0 Hz, H-6), 7.03 (1H, dt, J = 1.0, 7.0 Hz,
H-7'), 7.35 (1H, d, J = 8.0 Hz, H-8"), 443 (I1H, m, H-2),
4.02 (1H, dt, J = 1.5, 6.5 Hz, H-4), 349 (1H, m, H-7a),
331 (2H, m, H-1', 328 (1H, m, H-7b), 2.00 (1H, m, H-
5a), 1.70 (1H, m, H-6), 1.51 (1H, m, H-5b); “C-NMR
(CD,OD, 125 MHz) §169.3 (C-3), 166.0 (C-1), 136.5 (C-
9), 1272 (C-4), 124.1 (C-3), 121.1 (C-7), 1184 (C-6),
1183 (C-5, 110.8 (C-8), 108.1 (C-2'), 58.6 (C-4), 55.8
(C-2), 44.5 (C-7), 27.7 (C-1"), 27.7 (C-5), 21.1 (C-6) ppm.

Zu 3 nE

F58%22] CH,CL, ¥2 9 #-BuOH 28] thald silica

el, Sephadex LH-20 2 semi-preparative AHAZv}E T2

S o) g3l AR Rels Akste] F 1389 s9E

stk B3 SFE-S NMR, MS 5¢] £33
He Fote] 2 F2E FEEATHFig. 1).

S 12 FAo W = 2, FAEAeH, ESI-
MS spectrum(m/z 155 [M+H])S S8l £2+4] CH,N,0,
o= 34319tl. 'H-NMR 2 HSQC spectrumS £38lo] 4
7He] methylene +429F 17§€] methine F4~5 ER1I3HA S
™ ®C NMR spectrum©l| 4] 8. 45.6(C-2), 27.9(C-5), 21.9(C-
6) X 44.9(C-7I14 47112] methylene B4:9} §. 58.4C-4)°
A 1702] methine BAE 2T 5 k. B3 PC NMR
spectrum®l| A §. 165.0 2 5. 170.1 HAZHE 27] <]
carbonyl”]9l] EAE o =35}t HMBC spectrum©l~] H-
2(8y; 4.13, 3.76)/C-1(8. 165.0)2] correlation-, H-4(5, 4.25)/
C-5(8¢ 27.9), C-3(8. 170.6)2] correlations, H-5(8 2.32)/
C-6(8 21.8), C-7(8- 44.9)¢] correlationS 28 5= YT},
opde] w4 AHE Folod skE 12 L-glycine?t L-proline
9] cyclizationS E3lo] PAH e F=61%0 1 3"
F} v wate] 39HE 19 FEE2 cyclo(L-Gly-L-Pro). & &
skt

318HE- 2= ESI-MS spectrum(m/z 169[M+H])S E3f &
A2 CHN,0,2 2 FA 8tk 313E 29 NMR
spectrum-> 3}HE 13} FASEA oW, §, 4.21(H-2)%F
correlations WERE §, 1.40(3H, d, J = 6.5 Hz)2| 57}
22l methyl?]7} FZE ) o) el AF= IFHE 2= 1-
alanine} L-proline®] cyclizationS E3l] TAE 3=
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Fig. 1. Structures of compounds 1-13 isolated from C. militaris.

3}3HE 35 ESI-MS spectrum(m/z 185 [M+H])S S5
B2 CHN,0,8 S48tk 319%E 39 'H-NMR
spectrum= 3}3HE 29 vl FARSIS IO, S9HE 20014 &
ZEA methyl”] Al hydroxymethyl?]ol sldshk= 5, 3.92
(H, dd, J = 4.8, 1.6 Hz)¥|=2.¢] &A2 gl wat
A 313HE 32 3I3HE 29| methyl”]7} hydroxymethylene -
2 X3 722 dusiion 245 vlaste] cyclo(i-
Ser-L-Pro)2 5433t

335 4+ ESI-MS spectrum(m/z 197 [M+H])S £l
CoHN,0,9 #A4e F4s92o9 'H 2 °C NMR
spectrume 392 291 fALSIATE Tt 39 49] BC
NMR spectrumol|A] 27119] €47F =718 97 9] 1]=7F &
Z=)gler 'H NMR spectrumell 8, 0.96(GH, d, J = 7.0
Hz, H-2), 1.12GH, d, J = 7.5 Hz, H-3") ¥ 235(1H, m,
H-1M¢] I3 2% (CH,),CH-7]2] EA1E 4T 5 AU
t}. o]e] A= B33 ulwste] S13HE 45 L-valine
3} L-proline®] cyclizationS F3te] /3 E cyclo(L-Val-L-
Pro)= 7431t}

3}3HE 5% ESI-MS spectrum(m/z 199 [M+H])S 53}
BEAS CH  N,0,°2 F4313th 'H-NMR spectrum-
sk 49} uig- fAF sIstort, 8, 1.35(3H, d, J = 6.4 Hz)
o] 7H€] methyl7]Rbo] A=A S5 49 §,;2.35(1H,
m, H-1)¢] 937} §,,4.31(1H, m)E downfield & #<S &
Zst 4= dt). o] vl S Z [-threonine} L-proline©]
cyclizationS 53to] FAE FEYS A& 5 AN,
o]2 E& '3} nlwate] cyclo(L-Thr-L-Pro)& 5438}t

SR 62 A9 A Fel= e, A, ESI-
MS spectrum(m/z 195 [M+H] )& &8l £44] CH,\N,0,
S 431k 'H-NMR spectrume 3FHE 29} m)$- A}
3o, methyl?]7F #HEEA] 28k —prolinedl] -5k
= 3 EAEkh WA F 7] -proline”t A 3
cyclo(-Pro--Pro)0. 2 o3t om, ESI-MS 33 #3117

12 13

3l ssaich

3}8HE 72 ESI-MS spectrum(m/z 215 [M+H])S £l
B2} C,HN,0,22 34313 th 313HE 79 'H-NMR
spectrum-> 313 59+ ARSI S W, §,0.96(3H, d, J =
6.4 Hz), 0.98(3H, d, J = 6.8 Hz) |22 RE] Wl F714
2l methyl]e] SAIE SRIEIN ™ §,; 1.75(1H, m) 2 1.88
(2H, m)2] ¥AZRE L-luecines} L-threonine®] cyclization
9 SRIEE 2259t} o2 B33 vl S3E 7
2 cyclo(-Thr--Leu)>. 2 543t}

33HE 82 Sl Ay B P2 Fa, Ao,
ESI-MS spectrum(m/z 233[M-H])& &3l 2] C,H,,N,0;
o7 4359t 'H-NMR spectrumllA] 8, 6.73(2H, d, J
=84 Hz) ¥ 7.032H, d, J = 84 Hz)°| 3| A2 H 14-
disubstituted aromatic®] EAE 53R 2™ &, 2.87(1H,
dd, J = 14.0, 4.8 Hz) 2 320(1H, dd, J = 14.0, 4.8 Hz)?|
methylene”]2] EAZ 3I3HE 82 L-tyrosine®] +35 X
e g A5 & AATH TS, 0.62GH, d, J = 72
Hz) @ 8. 19.0(C-5)2] methyl7]2} “C-NMR spectrum®] &
169.2 ¥ 197.39] F 719 carbonyl 3] I ZF-E -alanine?]
A2 =8l B3 viwsle] 519E 82 cyclo(i-
Tyr-L-Ala)= 578 33T

S}9HE 99] ESI-MS spectrum(m/z 233 [M-H] ) 3l5H&
83} FU3 244 C,H, N,0,2 YehASth 3585 9=
NMR ZHES 9] 3leke 84 Ak O, &y 7.25-7.30
Alole] s7¢] w32 FE] monosubstitued aromatic®] S|
€ F8E F AU =3 §,2.89(1H, dd, J = 6.0, 6.0
Hz) 2 3.45(1H, dd, J = 10.8, 3.2 Hz)®] 9a2=22¥ 33
£ 89] methyl”]7} methylene® 2 X3kl A8 FRIsIHN L
™ o] ZXE 3}5HE 9= L-phenylalnine?} L-serine®] A&
cyclization=| o} Qe Ao o3l x, B8 Me] nwE
%3] cyclo(L-Phe-L-Ser)Z 574 54T}

SIBHE 102 3N 74 2 JE=E 28, AL
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Table II. "C-NMR spectral data of compounds 1-7 (§ in ppm)

Kor. J. Pharmacogn.

Carbon Chemical Shift(ppm)
No e 2 3 & 5 6 7
1 165.0 167.6 165.0 166.1 165.5 167.2 168.0
2 45.5 50.7 56.8 58.6 58.7 60.3 60.8
3 170.5 1712 170.4 171.1 170.5 167.2 170.4
4 58.4 59.0 58.8 60.1 59.8 60.3 532
5 27.9 27.7 28.1 28.1 28.1 27.3 45.0
6 21.8 223 21.8 21.8 21.8 22.7 23.6
7 449 45.0 447 44.7 18.8 447 222
8 - - - - - - 20.2
1 - 143 60.3 284 65.4 67.3
2' - - 17.4 18.8 18.5
3 - - 15.2 - - -
4' - - - - - - -
5 - - - - - - -

*Recorded at 100 MHz in CD,0D
*Recorded at 125 MHz in CD,0D

™, ESI-MS spectrum(m/z 245 [M+H])& 3] £22]
C, H,N,0,2 % 34319t} 'H-NMR spectrum] 31512 1
oF fAteI o §y; 7.23-7.2990141 F7HA1 5712 aromatic
495, 3.192H, dd, J = 5.0, 2.0 HzlA] methylene”] S
FA1E 531 L-phenylalanine®] TZE o4 4= ATt
ool A#g A3 vlwste] FFE 109 FEE
cyclo(L-Phe-L-Pro)°.2 &7 3} ch.

3}5HE 112 ESI-MS spectrum(m/z 259 [M-H] )< 53]
242 C,H N0, 2 315HE 1090 Aba7) sl F7H
TE2YE FET & AU sIvHE 119] NMR spectrum-
SIBFE 10 vl fARINSY §,; 7.032H, d, J = 8.4 Hz)
2 6.73(2H, d, J = 8.4 Hz)2| ¥]=E 53}©] monosubsituted
aromatic ring®] 1,4-substituted aromatic ringZ X2kl Z1©.
2 33383t} oo Axs B3 ae] viug ) 3
= 112 cyclo(L-Tyr-L-Pro)2 574 313 Th.

S 12& 24 2 gE|E 1], AA=EAeH, ESI-
MS spectrum(m/z 205 [M+H] )2 E8) 44 C,H,,N,0,
o2 43k 'HNMR spectrumol| A 8, 7.06(1H, dt, J
= 8.0, 0.8 Hz), 7.14(1H, dt, J = 8.0, 0.8 Hz), 7.38(1H, d,
J =280 Hz) ¥ 7.71(1H, d, J = 7.6 Hz) Y3 Z 53}
1,2-disubstituted aromatic ring®] =A1&, §,; 3.16(1H, dd, J
= 152, 9.6 Hz), 3.52(1H, dd, J = 152, 4.4 Hz)®} 8, 27.0
(C-10)=Z7E methylene”| 5 SRISFATE =35 5 173.4(C-
INERE carbonyl’ |2 B3ls19lon, olike] Aas &3
3} v)wEte] 3HE 125 tryptophan® 2 45T}, 315
E 132 22 JEl2 2], ZAENSH, ESI-MS spectrum
(m/z 282[M-H] )& T8l C,,H,N,O,Z FA4S F4 3519

o} 33HE 139 'H-NMR spectrume 312 129] A2p3
999 aromatic A7 A2 FA1519] tryptophane] EAIE
ZAslglor PC-NMROIM 315HE 19] -proline ol i35}
£ 21.1(C-4"), 27.7(C-3") & 44.5(C-5)2] =S E3&}o] L-
proline®] &A1& F4sIAh a2]2 S¢ 166.0(C-11), 169.3
(C-1"PlIM carbonyl ¥|ZE &R15}4, tryptophans} L-proline
o] cyclization® TZL oZatql, £& P37} v wato]
brevianamide FZ 5743t}

o] AR FFolxe] AHARSY F 13719 3iet
58 wElste] 1 F2E s B Ad e B
3% diketopiperazine A8 2] 749~ cyclic dipeptide F-=A]
2 opuiate] E3to 2 A FEelRe] g 2%

ZF7<] opicite] R Ry EQct? B A7E Faje] £
2]¥ diketopiperazine A2 ¢] 3= F SFE1,2,6, 7,
8,9, 10 & 119] 8F9] SFES FFatxodA A5 8

= opiike] cyclization® 2 NS FHE + U
Dikeopiperazine A|82] S22 A=A 330}, E &
oA Fel RAEden Fgolu wegot® v &
2] Bt %) il diketopiperazine A1 2] EA S
e, Bt AR S T O S UERO] o]59] &
=2 s e d7e 2s APy Yok B
at320] 74 e, =P 5o kst 24do] Halxo]

O

Rom, wetr B A3 Esle] 2% diketopiperazine
o] G0 tigk F7HQ] AF-E Bel] Tk B
s el 7l Zle® JiEtt
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4 =
B Aol ok FEolRe] AUARE HRE
£ Fdste] 1359 sig=Eg v BAs e, wEgh
sheHEe] e TheFeh B3 WS o8-St 12%9
diketopiperazines, cyclo(L-Gly-L-Pro) (1), cyclo(L-Ala-L-Pro)
(2), cyclo(L-Ser-L-Pro) (3), cyclo(L-Val-L-Pro) (4), cyclo(L-
Thr-L-Pro) (5), cyclo(L-Pro-L-Pro) (6), cyclo(L-Thr-L-Leu)
(7), cyclo(L-Tyr-L-Ala) (8), cyclo(L-Phe-L-Ser) (9), cyclo(L-
Phe-L-Pro) (10), cyclo(L-Tyr-L-Pro) (11) % brevianamide
F(13)9} 159] o}u]=Ak tryptophan (12)2-2 574 3k Th
He)g 3l T S3E 1,2 € 6-11E ©] A2 A

o2 17 Hise sigEolth

Ab A

# A7E 20139 SR StedTA AR o

TH] Aol ofsto] FREI O ool ZALEHUT

ol

—_—

rak

(==
S=

1.Li, S. P, Yang, F. Q. and Tsim, W. K. (2006) Quality control
of Cordyceps sinensis, a valued traditional Chinese medicine.
J. Pharmaceut. Biomed. Anal. 41: 1571-1584.

2.Zhu, J. S., Halpern, G. M., Johns, K. and Alt, J. (1998) The
Scientific rediscovery of an ancient Chinese herbal medicine:
Cordyceps sinensis Part 1. J. Alt. Comp. Med. 4. 289-303.

3.Zhu, J. S, Halpern, G. M., Johns, K. and Alt, J. (1998) The
Scientific rediscovery of an ancient Chinese herbal medicine:
Cordyceps sinensis Part 1. J. Alt. Comp. Med. 4. 429-457.

4. Wu, J., Zhang, Q. and Leung, P. (2007) Inhibitory effects of
ethyl acetate extracts of Cordyceps sinensis mycelium on var-
ious cancer cells in culture and B16 melanoma in C57BL/6
mice. Phytomedicine 1: 43-49.

5. Khan, M. A., Tania, M., Khang, D. Z. and Chen, H. C. (2010)
Cordyceps mushroom: A potent anticancer nutraceutical.
Open Nutraceuticals J. 3: 179-183

6.Kim, H. S., Kim, J. Y, Kang, J. S., Kim, H. M., Kim, Y. O.,
Hong, I. P, Lee, M. K., Hong, J. T., Kim, Y. and Han, S. B.
(2010) Cordlan polysaccharide isolated form mushroom
Cordyceps militaris induces dendritic cell maturation through
toll-like receptor 4 signalings. Food Chem. Toxicol. 48: 1926-
1933.

7. Yang, M. L., Kuo, P. C., Hwang, T. L. and Wu, T. S. (2011)
Anti-inflammatory principles from Cordyceps sinensis. J.
Nat. Prod. 74: 1996-2000.

8. Chen, X. C., Wang, S., Nie, S. and Marcone, M. (2013) Prop-
erties of Cordyceps sinensis: A review. J. Funct. Foods. 5:
550-569.

Kor. J. Pharmacogn.

9. Hamburger, M. (2007) Comment on comparison of protective
effects between cultured Cordyceps militaris and natural
Cordyceps sinensis against oxidative damage. J. Agric. Food
Chem. 55: 7213-7214

10. Dong, C. H. and Yao, Y. J. (2005) Nutritional requirements of
mycelial growth of Cordyceps sinensis in submerged culture.
J. Appl. Microbiol. 99: 483-492.

11.Liu, Q., Hong, I. P, Ahn, M. J., Yoo, H. S., Han, S. B,
Hwang, B. Y. and Lee, M.K. (2011) Anti-adipogenic activity
of Cordycpes militaris in 3T3-L1 cells. Nat. Prod. Commun.
12: 1839-1841.

12. Liu, Q., Hong, I.P,, Han, S. B., Hwang, B. Y. and Lee, M. K.
(2012) Analysis of anti-adipogenic constituents of Cordyceps
militaris using high performance liquid chromatography-
diode array detection in different samples: Comparison with
anti-adipogenic activity. Nat. Prod. Sci. 18: 171-176.

13.Kim, S. B, Ahn, B., Kim, M., Ji, H. J., Shin, S. K., Hong, I.
P, Kim, C. Y., Hwang, B. Y. and Lee, M. K. (2013) Effect of
Cordyceps militaris extract and active constituent on met-
abolic parameters of obesity induced by high-fat diet in
CS58BL/6J mice. J. Ethnopharmacol. (in press, DOI: 10.1016/
jjep.2013.10.064)

14. Hong, 1. P, Kang, P. D., Kim, K. Y., Nam, S. H., Lee, M. Y.,
Choi, Y. S., Kim, N. S., Kim, H. K., Lee, K. G. and Humber,
R. A. (2010) Fruit body formation on silkworm by Cordyceps
militaris. Mycobiology 38: 128-132.

15. Choi, 1. Y., Choi, J. S., Lee, W. H., Yu, Y. J., Joung, G. T., Ju,
I. O. and Choi, Y. K. (1999) The condition of production of
artificial fruiting body of Cordyceps militaris. Kor. J. Mycol.
27: 243-248.

16. Sung, J. M., Choi, 1. S., Shrestha, B. and Park, Y. J. (2002)
Investigation on artificial fruiting of Cordyceps militaris. Kor:
J. Mycol. 30: 6-10.

17. Stark, T. and Hofimann, T. (2005) Structure, sensory activity
and dose/response functions of 2,5-diketopeperazines in
roasted cocoa nibs (Theobroma cacao) J. Agric. Food Chem.
53: 7222-7231.

18. Carolina, T. G., Mireia, D., Daniel, B., Immaculada, F., Irene,
F., Xavier, A., Jaume, F., Paul, L. W., Miriam, R. and Ernesto,
N. (2012) Side chain anchoring of tryptophan to solid sup-
ports using a dihydropyranyl handle: synthesis of brevian-
amide F. J Pept Res Ther. 18: 7-19

19. Borthwick, A. D. (2012) 2,5-Diketopiperazines: Synthesis,
reactions, medicinal chemistry, and bioactive natural prod-
ucts. Chem. Rev. 112: 3641-3716.

20. Wang, Y., Li, Z. L., Bai, J., Wu, X, Pei, Y. H., Jing, Y. K. and
Hua, H. M. (2012) 2,5-diketopiperazines from the marine-
derived fungus Aspergillus fumigatus YK-7. Chem.
Biodivers. 9: 385-393.

21.Ryan, L. A., Dal Bello, F., Arendt, E. K. and Koehler, P.
(2009) Detection and quantitation of 2,5-diketopiperazines in



Vol. 44, No. 4, 2013 343

wheat sourdough and bread. J. Agric. Food Chem. 57: 9563- 23. Campo, V. L., Martins, M. B., da Silva, C. H. T. P. and Car-

9568. valho, 1. (2009) Novel and facile solution-phase synthesis of
22. Kumar, N., Mohandas, C., Nambisan, B., Kumar, D. R. and 2,5-diketopiperazines and O-glycosylated analogs. Tetrahe-

Lankalapalli, R. S. (2013) Isolation of proline-based cyclic dron. 65: 5343-5349

peptides from Bacillus sp. N strain associated with rhabitid

entomopathgenic nematode and its antimicrobial properties. (013, 11. 15 FF; 2013. 12. 12 YA} 2013, 12. 13 2WHBT)

World J. Microbiol. Biotechnol. 29: 355-364.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


