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Isolation and Identification of Cyclic Dipeptides from Endophyic
Aspergillus sp. in Astragali Radix

ZHANG Hong-chi, LI Hui, AN Zhi-peng, ZHOU Feng, LIU Rui”
(College of Life Science, Applied Biotechnology Institute, Datong University, Datong 037009, China)

[ Abstract | Objective: To study the cyclic dipeptides secondary metabolites from endophytic AR-15-1 in
Astragali Radix. Method: AR-15-1 was isolated from the roots of Astragali Radix by the method of histology. The
fungus was identified by morphological method combined with molecular biology method, and solid culture method
was used for large-scale fermentation of endophytic fungi. Cyclic dipeptides were isolated by column
chromatography, Sephadex LH-20, and HPLC, and their chemical structures were elucidated by the spectral
analysis. Result; Endophytic fungi AR-15-1 isolated from roots of Astragali Radix were identified as Aspergillus sp.
Eight cyclic dipeptides were obtained and elucidated as cyclo- (Pro-Gly) (1), cyclo- (Pro-Leu) (2), cyclo-
(Pro-Tle) (3), cyclo- (Pro-Vla) (4), cyclo- (Phe-Gly) (5), cyclo- (Phe-Ala) (6), cyclo- (Phe-Tyr) (7)
and cyclo- (Phe-Pro) (8). Conclusion; All cyclic dipeptides were isolated from the endophytic fungi of Astragali
Radix for the first time, and most of the cyclic dipeptides of Aspergillus sp. showed good biological activity.
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M)k Ceyclic dipeptides) J& 2 />4 5 i 28 ik B
G LR IR BE 2K R AR W, W FR 2, 5- T WR R
(diketopiperazines , DKPs) , 1% 2& 1k & W) 1) =5 8] ¥4 1%
JERIE 7S TUIREE ), 4> T A5 Ay 2 S A2 K
2 A SRR DRI T LUAE S 4853 25 300 B A1, 7
25k F B R T A A B R S S PRI
R BR ZREAE Y BA BUR PR B EE BT
PR REM R SR H AT, KRR WAk o
R ZIREEY ) 2T HRA D B2
Tzl AR ER & BT ELA 9 AR W T PR PR K R
ol R T VR LA M ZR T o T ARk, BIF ST SO
Ak kBT I KA W B OR H—— MY N A B
W BN IR Y B A UE S ) A U A S A 3k
A B B, BE P AR 2 RS R T, B BT B L BT
R PO BE UM P AL, A AT R BT,
T P A L T 3N Ay o O OB 05 P 00 o o T B U . 9
AETHHEMHLNNEER, 59 EHY K
WIAE &, ) 4 AR IR R A BT i, P A
25 A B9 AR BRI R R 23S 2RI
PTEYI T

AR — LB TR R E L X 25 F R )
BN EREITI, D& KT ZHAE 1L E N A
LR YIS VE RO L AR R B
T —RRAT A=A 2 Bl 3R IR AL A 4 00 9 A LR
It DG [T 44 4 e ) v 2 11 8 S BR RS ), A
BPC N AR LR A R A IS SR T A TR TR B IR N
S RE Y A BT AR R PR KSR AR G W R i R IR R L
WA
1 ##

WE OGS R G, A 35 £ i (200 ~ 300 H)
(5 B AL T 20T ) s LH-20 55 P 56 4l 28 0 5 M
(Sephadex LH-20, b # I A= YR A R AW ) o
HPLC A2t 7] € 3% 2 ( 5K HE 7 e B 28 R 80 A BR 2
Al ), HA ) 24k A3 B 4

1200 A1 =5 OB AR (35 AL (L [H Agilent 22 H]) ,
Welch material XB-C,q 4 % #£ (4.6 mm x 250 mm,
5 wm) ,JEOL SX102A #I ESI-MS i % ( H 7 i 7
R 24) , ADVANCE 400 MHz #4424 4 A% (7
A & A L TMS ARy AR ) L XTS B 500 5E A%
( B AR IGRA R A A .

2 NEEHEARIS-1IHITHEMEE

fE LS FE T 2015 AE k=R H LD PG 45 ¥ I B8
Ll X, Sy 22 4F A B A Al (R T) 57 28 i B o7
B il XU 20 4% 48 € Ry BLRRAE W) 52 0l B S Astragalus

membranaceus) FJAR , MAZRE &b AR 300 55 3 — BRI
AR AR-1S-1, AR ORAF T 10095 R[] 2 i AR
PRI P R D s S 2

B AU  AR-15-1 45 50 T £ [G [ 7 Al |, B
Fr il BE 28 C KGRI E] 2 d, WL B 7 A KO A R
22 A WL, [) B AV 2 e, 0L 43 A 96 7 A A R
2L S o o3 T % - AR-15-1 He T £ [G [ K
P b B IR A 12 d, JC AR A DF S A 22
EH AR, Z M CTAB ¥ 2 U E B DNA, DAL A 20
DNA Jy itk , PCR "3 2 i #k DNA ¥ 41, PCR ¢
7Pk =k Lo A W BE 25 0F Y (b a) A R A H
W, 7751 45 538 3k Blast bt 43 A7, 48 #5253 o
WET,2,

Bl B#k AR-15-1 £ KBS
Fig. 1 Colonial morphology of strain AR-15-1

WA L AR-15-1 B & 7E AR KO 2 3 A
0, Bl 2B R T A SE A TR 7 (0, 78 2D B LUK 8
Ja R IAE O TEA R (S d) TR 22 8 L BRURDIR
filF AV AR EWE 6, BROWE, i
22 Z2 43 WA IO HLA 22 I SR ) 0 AR A T R 2 B
BEAZAIEROR AR R AR EROE H Bos B A
(K1), PCR #8519 ITS 31K 604 bp, K7
PriE| (B 2) 3 BT iz Bk 5 2 4k Aspergillus sp. RETE
—i, KM AR-15-1 5 Aspergillus sp. ELA [R]JVRPE , 4%
BN E (WL v WL BRI O0E S B ¢ ) gy
T U E T, AR-15-1 g 2565 Aspergillus sp.
3 NEHEEARIS- 1 HEKRZEBEN=YNE

BN E B AR-15-1 2 R IG 1k Fp 1 55 3%
(REFRURE 28 °C , Pk K5 #2553 150 remin ", 45 Fh
5% P BFRE S d) i 8% LR R R B R
K (AR 3R 56 (80 L) , B IR L 28 °C, B 3R A M)
40 do AR 45 O 8 TR R B FR ) 7E 80 °C R ML
T4 S 2R £ TR AT Y BE R I3 (9 L), e
WK ZE R G 1SR 271 oo SR IR 2 Bk AT (03
LR & TR-HY W b B Bk B (R AL 2o 10 0,
100:1,50:1,20:1,10:1,5:1,2:1,0:1)455]8 12
4 Fr. A ~Fr. H,
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I JX614075.1| Davidiella sp.
0.820 2.365 HQ340108.1| Aspergillus flavus culture-collection
2.443
0.494 JX993355.1| Aspergillus flavus strain
_I 1.930
KC253952.1| Aspergillus flavus strain
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0.358 HQ285580.1| Aspergillus oryzae strain
0.045
0.576 [ HM537039.1| Fungal endophyte sp.
2.449 | AR-15-1
0.5

B2 FEHk AR-15-1 BRI
Fig. 2 Cluster analysis of strain AR-15-1

Fr. B DL 22 & T A A a1k 6 32 e I, 45 sFr. B
(1 ~10) ,sFr. B2 2>l % HPLC, L) aﬂﬁ-ﬂdmzﬁ
F(1:4 3% 3 mLemin ") 134644 1(126 mg) Al
&% 2(108 mg) ;sFr. B3 4 Sephadex LH-20, L) H

FEh 3 s AR, Ak A 4 3(225 mg) Fifb &4 4
(339 mg) ;Fr. C & 4 PR £ WR- i Bk B6 2 e i, 75

sFr. C(1 ~8) ,sFr. C1 £ Sephadex LH-20, L i A i
AL S 5 (1 023 mg) ,sFr. C2 AR ZIR LKL
i - Yk ofs 52 R A5 AL 5 9 6 (78 mg) ,sFr. C3 £ 2,
MR TR -0 T Bk B2 R, sFr. C3-2 FE22 HPLC, LA
BE- K AP B AR (123, fiwk 3 mL-min™") , 13k &

(e}
1

P 7(360 mg) ML 34 8(65 mg) .
4 NEEHE AR-I5-1 REHFWHENETE

R AR-15-1 h 3 g 31 8 A3 kb & &
o RAE, 5 SCHER X L, B % E O BR () Ik
cyclo-(Pro-Gly) (1), 3 (ffi-= ) — ik cyclo-( Pro-
Leu) (2) , 3 (ffi-F 55 ) K cyclo-( Pro-Tle) (3) , ¥
(Hifi-45) —JIK cyclo-(Pro-Vla) (4) , 35 (ZEA-H) —Jik
cyclo-( Phe-Gly) (5) , # ( Z - ) — ik cyclo-( Phe-
Al) (6) 55 (-2 ) — ik eyclo-( Phe-Tyr) (7) Fi
(R N-l ) K eyclo-( Phe-Pro) (8) . &5 #4 L
K3,

% H?@c&@ c¢ﬁ©

3 ERMNEEE AR15-1 IRZTRK

Fig. 3 Cyclic dipeptides isolated from strain AR-15-1 of Astragali Radix

&Y 1 B K DR K, K 5205 ~ 208
C ,ESI-MS m/z155.2 [M +H] " ,"H-NMR 4 #7, A]
DA B HAES 6: 8.02 (1H,s) ;2 4
FH%E N ) CH F1 CH, ) H (%5 4.06 (1H,d,J=8.2
Hz) ,4.13 (1H,d,J =15.0 Hz), 3.58 (1H,d,J =
15.0 Hz) ; [ i 45 4 PC-NMR i35 X (1) 2 4 Bk e
3 C 55 8: 170.5,165. 2 fll H G 36 ik . %4 7C-
NMR F1 DEPT-135 3 #r, HAb 2= 254 A 2 A P 5
C{526:170.5 (C-1),165.2 (C4);1 4~ CH ) C

.54 -

55 6:59.3 (C9);4 4 CH, i) C{555:45.4 (C-
3),46.1 (C-6),22.2 (C-7),28.0 (C-8), X4
B R 5% KA 5 AU, H-NMR (DMSO-d,) ) 8, : 4. 13
(1H,d,J=15.0 Hz),3.58 (1H,d,J=15.0 Hz) f0I
PC-NMR (DMSO-d,) 1 5. : 165.2,45. 4 el H 4
M5k 3 (% 53 6,: 4.06 (1H,d,J =8.2 Hz),3.36
(2H,m),1.96 (2H,m),2.19 (1H,m),2.00 (1H,

m) Fl8.: 170.5,59.4,46.1,22.1,28.0,22.3 JyJif
FIRBRIEAR T o XTHICHRI7 T Hd , 45 & NMR ¢ ik
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G0 ARG 1 B E I (- H) K eyelo-( Pro-
Gly) o

ka2 BEIURE A, 4E 201 ~203 C,
ESI-MS m/z 211.1 [M + H] " ,"H-NMR 4> #7, 0] L4
B AT HAFS(8) 6.74 (1H,s) ,2 MM
¥ NP H{Z%54.10 (1H,t,/ =8.0 Hz) ,4.02 (1H,
d,J =8.8 Hz) ; [l i 25 4 "C-NMR i 37 X (19 2 4~k
e B 3 C 155 167.2,170. 6, #E H oM 3R — ik, “C-
NMR F1 DEPT-135 J3#7 , Ha5# b A 2 DB AE C {5
2167.2 (C-1),170.6 (C-7);3 4~ CH ) C {55
59.6 (C-6),52.8 (C-9) #126.7 (C-11) ;4 4 CH,
) C {55 45.4 (C-3),22.7 (C4),28.9 (C-5) F
38.3 (C-10);2 4~ CH, 1y C {55 22.8 (C-12) HI
21.3 (C-13) , XF Ho & R % 2 15 5 ¥ , ' H-NMR
(DMSO-dy) ™ 2 AW E R P A H {545 0.88
(3H,d,J=6.8 Hz) ;CH fiy H {5 % 0.90 (3H,d,J =
6.8 Hz) ,4.02 (1H,d,J=8.8 Hz),1.61 (1H,m);
CH, ) H{5%5 1.98 (2H,m) ,#Eill & A 5 T ;45
4 "C-NMR (DMSO-d, ) {55 167.2,52.8,38.4,
26.7,22.8,21.3 #EW R 22 fR 5k 5L CH, 19 H (5%
3.60 (2H, m),1.95 (1H,m),1.81 (1H,m),2.40
(1H,m),2.04 (1H,m) ;CH ¥y H{%% 4.10 (1H,t,
J=8.0 Hz) il C {5 170.6,59.5,28.9,22.7,45. 4
eI A A A R ik B . XF L SR (8 1 Bl , 45 & NMR
FRAEST AT AL G 2 W% E 3 (-5 ) Ik eyclo-
(Pro-Leu) ,

a3 AR AR B R, 4E S > 300 C,
ESI-MS m/z 211.1 [M + H] " ,'"H-NMR 4> #7, 7] 4
AR AWK HES 6.41 (1H,s),2 5 N A%
) CH ff§ H {55 4.09 (1H,dd,J =10.0,7.0 Hz),
3.80 (1H,dd,J =8.0,7.8 Hz) ;454 "C-NMR 1§37
X A 2 A~ FE B B 2% 165.3 1 169. 4 4 ) ok 28 —
k. "C-NMR 1 DEPT-135 434, g5 Hy b 2 At
Mk FE 165.3 (C-1),170.9 (C-7);3 4~ CH (1 C {5
559.7 (C-6),58.5 (C9) F139.5 (C-10);4 4~
CH, ) C {55 45.8 (C-3),23.9 (C4),29.4 (C-5)
F121.8 (C-11);2 4~ CH, (9 C {55 15.3 (C-12)
114 (C-13), X b & 3 e 5% 5 5 5 ¥, H-
NMR (DMSO-d,),0.94 (3H,d,J=6.8 Hz) Fil1.06
(3H,d,J=6.8 Hz) i 2 M % H {55;3.80 (1H,
dd,J=8.0,7.8 Hz),2.06 (1H,m) CH [ H {55
1.59 (1H,m),1.49 (1H,m) CH, f§ H {55,454
“C-NMR ( DMSO-d,) th 165.3,58.5,39.5,21.8,
15.2,11. 4 #fEi h & 52 s W 5% 5£53.77 (2H, m) ,

1.95 (1H,m),1.85 (1H,m),2.41 (1H,m),1.99
(1H,m) ,4.09 (1H,dd,J=10.0,7.0 Hz) I C {55
169.4,60.0,29.3,23.9,45. 8 ¥ K i & e 7% 3L,
XFHCSCHER (O ] % ds , 455 NMR RRIE 41, tb &9 3
P88 e 3 (-5 58 ) ZJIK eyclo-( Pro-Ile) ,

a4 AR KRR R, & 5 198 ~ 201
°C,ESI-MS m/z197.2 [M +H] " ,"H-NMR Z3#7, 7]
DIES 1 AEEE H {55 7.20 (1H,s) ,2 1~ 5 N A
MR CH W H {55 4.16 (1H,t,J=7.8 Hz),3.94
(1H,m) ; 45 & “C-NMR % 37 X Y Bk Bz ¢ 9% 172. 4,
168. 2, HEM H R ¥F — ik, “C-NMR #1 DEPT-135 4%
Br, Haitg b 2 APk AL 172.4 (C-1),168.2 (C-
7),3 4 CH iy C {52 60.8 (C-6),59.6 (C-9) FI
29.0 (C-10),3 4~ CH, ) C {55 46.2 (C-3),23. 4
(C-4) F129.6 (C-5),2 /4 CH, iy C {5 18.3 (C-
11) #115.5 (C-12), X b 22 3k W2 % L 15 5 %
##,'H-NMR (DMSO-d,) &,: 1.02 (3H,d,J =7.0
Hz) F10.90 (3H,d,J=7.0 Hz) 2 4~ % & i H &
3.94 (1H, m),1.07 (1H, m) CH, % 4 "C-NMR
(DMSO-d, ) 1 172.4,59.6,29.0,18.3,15. 5 #f:il K
G R A% 3;3.56 (2H, m),1.98 (1H, m), 1.91
(IH,m),2.44 (1H,m), 2.25 (1H,m) ,4.16 (1H,
t,/]=7.8 Hz) fl C {55 168.2,60.8,29.6,23. 4,
46. 2 HEW A I 2R % 5L o X L SCHER [ 10 ] 88, 45
NMR FHAE 58T, b6 9 4 855 i B0 (JIf-40) — K
cyclo-( Pro-Val)

&Y S | BURCIR B, 48 > 300 C,
ESI-MS m/z205.1 [M + H] *,'"H-NMR 43 #r, 7] L)
BH 2B H A5 7.83 (1H,s) H17.52 (1H,
$),3 /N5 N AHZE M CH, Ml CH i H {55 3.48
(1H,d,J =16.8 Hz),2.60 (1H,d, J=16.8 Hz),
4.52 (1H,d,J =6.0 Hz) ;454 " "C-NMR 1% 37 X (%) it
B 3 5 5 169. 2, 168. 3, #fE ) H: ok R — ik, “C-
NMR 1 DEPT-135 4347, &5 # i A 2 DIk AR 5
169.2 (C-1),168.3 (C-4),1 4~ sp” Z24b 1 Z= 5 1
C{5% 135.9 (C-8),1 4~ sp” Z2fkiy CH 1y C 55
56.5 (C-6),5 4~ sp’ 224k Y CH iy C {55 131.5
(C9),128.7 (C-10),127.2 (C-11),128.7 (C-
12),131.5 (C-13),2 4> sp® Z24b ) CH, 4 C f5 5
45.2 (C-3),39.3 (C-7), XJ o Hm ok 515 5 4L
i ,"H-NMR ( DMSO-d, ) 1§37 X BB T 1 A4 it
W H (% 7.22 (2H,m),7.31 (1H,m),7.30
(2H,m) ,CH, f§ H{5% 3.12 (1H, dd, J=12.8,
5.4 Hz),3.02 (1H, dd,/ =12.8,5.4 Hz) FI CH [y
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H {55 4.52 (1H,d,J =6.0 Hz) ,$fEM &5k h 4 1
A CH,; 45 4 “C-NMR ( DMSO-d, ) ' 169.2,
135.9,131.5,128.7,127.2,39.3,56. 5 #f | KA
R MEEIE;CH, i) Hf5%5 3.48 (1H, d, J=16.8
Hz),2.60 (1H, d, J=16.8 Hz) L) J% 168.3,45.2
e oh B A MRS . X SCER 11 ) B, 454 NMR
FRAET AT, (LG8 5 % W3 (CRI-H) 2K
cyclo-( Phe-Gly)

a6 ok AR B K, AL > 300 C,
ESI-MS m/z 219.3 [M + H] " ,"H-NMR /3 #, 7] L)
EH 2 AE H {55 8.00 (1H,s) F18.08 (1H,
$),2 5 NAH#EM CH Y H{E5 3.58 (1H,m),
4.24 (1H,t,J=4.0 Hz) , %54 "C-NMR %37 X 19 2
A EERE R IL C (55 167.4,166. 1, 4 I H R 38 — ik,
“C-NMR #1 DEPT-135 5 43#7, Hasiyrh A 2 4 e 3t
167.4 (C-1),166.1 (C-4), 1/~ sp® Z44biy Zm
CA5%5 136.1 (C-9),2 4 sp” Zxfkify CH iy C {5 %5
56.0 (C-6),50.1 (C-3),5 4 sp” Z¢ k(% CH ¥ C
=42128.6 (C-10),129.3 (C-11),126.8 (C-12),
129.3 (C-13),128.6 (C-14),1 4~ sp® Z2fkfy CH,
1) C 155 38.4 (C-8),1 4 sp’ 244y CH 1Y C 5
520.0 (C-7), X B2 3 R 5% 2 15 5 B i, T H-
NMR (DMSO-dy) &3 X th 3 T 1 4> B HAR R 3
7.10 (2H, m),7.24 (1H,m),7.22 (2H,m),CH,
) H {55 3.14 (1H,dd,J =13.0,4.0 Hz), 2.93
(1H,dd,J =13.0,4.0 Hz) fl CH f{§ H {55 4.24
(1H,t,] =4.0 Hz) NS5 A 1A CH, 454
“C-NMR (DMSO-d, ) 167.4,136.1,129.3,128.6,
126. 8,38.4,56. 0 il 2y 28 N 2 IR 1Y 5% & ; CH, 1Y
H{%%3.58 (1H,m) F1 CH, iy H {5 0.51 (3H,
d,] =6.8 Hz) DL KX 168.1,45.0 #EM H N & & 5%
o XPHCOCHR[ 12 ] 58, 455 NMR FR1E 504, fh &
W6 w50 N ER (RN -9) K cyclo-(Phe-Ala) ,

e T KA, B A > 300 °C, ESI-MS
m/z261.2 [M+H]"*,"H-NMR Z>#7, AT LB F 1 /4>
Wi H {55 6. 7.38 (1H,s),2 1~ 5 N M%) CH
) H {55 4.02 (1H,d,J=7.0 Hz) ,4.36 (1H,dd,
J=8.0,7.0 Hz), %54 "C-NMR {37 X # 2 /> Bt i
B 167.4,171.0, HEW H H 3 — ik, "C-NMR H1
DEPT-135 7341 , K5y b 2 A3k dk 167.4 (C-1),
171.0 (C-7), 24 sp” Zx4b M2k C 5% 131.9
(C-11),158.4 (C-14),2 4~ sp® 244k CH [y C {3
260.2 (C-6),58.0 (C9),4 4 sp” Zefk iy CH 1)
C{%% 131.9 (C-12),117.5 (C-13),117.5 (C-

- 56 -

15),131.9 (C-16) ,4 4~ sp’ Z&4k iy CH, {55 46.2
(C-3),23.0 (C4),28.9 (C-5),38.1 (C-10), Xf
PC 2 5 R 5% 5 {5 5 44 ' H-NMR ( DMSO-d, ) %
DA X B B R A i 2 5 H {55 4.74 (1H,
$),7.02 (2H, m),6.74 (2H,m),CH, i H {5 %
3.05 (2H,m) 1 CH iy H {55 4.36 (1H,dd,J =
8.0,7.0 Hz) ;454 "C-NMR (DMSO-d, ) " 167. 4,
158.4,131.9,129.6,117.5,38.1,58.0 #fE ] H 1% 2
25k K ; CH, 1) H{5%5 3.42 (1H,m) ,3.53 (1H,
m),1.82 (2H,m),2.10 (1H,m),1.19 (1H,m) #0
CHy H{EE4.02 (1H,d,J=7.0 Hz) LI J C [z &
171.0,60. 1,28.9,23.0,46. 2 i K i & W 5% 5,
XF L SCHR [ 13 ] 8l , 45 & NMR $R4E 5007, b 59 7
B R (FRTA -4 ) Ik eyclo-( Pro-Tyr) ,

G 8 otk AR [ A, JF 5 > 300 C,
ESI-MS m/z 245.1 [M + H] ", "C-NMR #1 DEPT-
135 4387, Hegs Wb A7 2 BRI 166.7 (C-1),171. 4
(C-7), 14> sp” ZRfb i T W C {55 131.6 (C-
11),2 4 sp’ 224k CH # C {55 59.8 (C-6),57.3
(C9),5 4 sp” Z44L Y CH B C {55 130.9 (C-
12),129.3 (C-13),127.6 (C-14),129.4 (C-15),
130.9 (C-16) ,4 4~ sp” Z2fb iy CH, iy C {55 46. 1
(C-3),23.0 (C4),28.6 (C-5),37.3 (C-10), %I
b B LR IR L 15 5 5%, ' H-NMR (DMSO-d,) %%
XA RPACHEA HAFS 7.21 (2H,m) ,7.22 (1H,
m),7.25 (2H,m) ,CH, i H {55 3. 15 (2H, m) A
CH ¥ H {55 4.50 (1H,m) ,#EW A~ CH,; 455
“C-NMR (DMSO-d, ) 166.7,131.7,130.9,129. 4,
127.6,37.3,57. 4 #0285 N 2 R 1Y 5% & ; CH, 1Y
H{%% 3.35 (1H,m),3.47 (1H,m),1.71 (2H,
m),2.13 (1H, m),1.37 (1H,m) 1 CH () H {5 %
4.06 (1H,m) L) J% 171.4,59.7,28.6,23.0,46. 1 ¥
T Ay 2 R % . X L SOk [ 10 ] $icdlE , 45 & NMR
FRAET BT, L G W 8 W% R (R IN-I ) Ik
cyclo-( Pro-Phe)

O A 3R R A W T PR 9T R B, 5 i R
FE 2R BT Y BR KR 3l 1 S 0ok e 20 ) AR
P& P, A eyclo-(Pro-Gly) (1) 7€ 50 mg- L™ X fif 51
J 9 20 B F A ) 2 34% , % R A0 R Y 0 R
16% """, cyclo-( Pro-Leu) (2) X ‘& 551 % 41 My . 3L
TR0 ML 25 W e A B A — 2 B3 AE . eyclo-
(Pro-Vla) (4)7F 50 mg-+ L ™" XJ §ij 271 Ji 968 48 o 1) 417 4
H53% Nt FRE AN A % 17% 7, cyclo-( Phe-
Pro) (8) 7 10 mg- L ™" i X £y 55 98 240}y . 7L AR 98 40
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L 5 g i A M A AR R R A SRR
T2 (1 28 — IR 0 AT 235 AR Wi Pk, 1 eycelo-(Pro-Tle)
(3) o [FIWHA E5E# K B cyclo-( Phe-Ala) (6) X Hif
B 36 40 M AT R e I AR PR T R R A
WAE R — K BA R R AE S PR KR4, D 4
A ) i P 0 A W O T ) R R TR R AR 2 ) S H
FHOCHT L AU v A5 36 ) ) 109 7 i 5, L AT A Sy 7
WG, e FRG WL S MEAFEHZ8A
H o EENE L, A RSN AR
AN W IR I, ] R B A R B IR S W R 54 (T
AE SR A BT ST , K AR 24 W 0T 5 400 S g 3 -2 5 7 246

TORBIOR I . B AR G P 2GR Y A LTS

rh BT B A W 1 R TR BT R R, R B X AR Y

A ECTE AR-1S-1 R LU ™ A= 22 Fh 28501 19 356 — ik 1k

B, ik TR AR AN SR A T A T ok

TR Bt
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