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FH A 2l 500 (g 2 AT A fb A RS /D s K AT
® XL1-Blue MRF’, pGEM-T #l pQE60 (7 [
Qiagen 7~ &) ; 0 M % Aspergillus fumigatus
B5233(ATCC 13073) i UniZAP XR i il 3 %
(£ H Stratagene 2 #)) .

145 . ESI-MS Jfi % 4% JEOL SX102A (H A&
HLF R &4t B G 2L 4R {X Bruker ADVANCE
500 MHz (78 E 1 & 58 A /] » = AU A 5% Agi-
lent 1200 B (3¢ [H B E A FD . H g WZZ-3
B AR Y B AR A FR A FD

955 2 B RR A\ VRE P #9840 M ( Human cervi-
cal carcinoma cells, HeLa) i1 5f DU 75 B2 k2@ 44
NI M B 988 48 M8 ( Human lung cancer cells,
A549) F1 VR FL R 95 40 it (Human breast canc-
er cells, MCF-7) g [ H B} Be - 1 A= 4w B} 22 A 5%
(SIS AT
1.2 FH ik
1.2.1 DMAPP #=v| sk — Bk %096 M 1%
SCHRL8 M7 i » & Wit & DMAPP, £ HPLC Il
FE WA Sl 96 %6 4% IR SCHR[9-10 W ik A
B R WR R R R KO L 4 HPLC &, 3% —
K4t g N 81%~92%,

1.2.2 DNA #4 & .PCR ¥ 3 A&k L% K
Pa SCHk [11] W F B, Aspergillus fumigatus
B5233 5 UniZAP XR i il 3C B 5 A % 7k 41 iy
Ji 47 7-DMATS #J DNA 43 &, PCR §"#4,
BERKBE N 1425 bp. A17% Afudgl2930 B A fid
FE %), 5l % & 7-dmats-1 (5-CACCATGGC-
CATCGGAGCCGAGAT-3"), Fl 7-dmats-2 (5'-
TGCAGATCTGCTGTACACCCGGAG-3"), H
HORLAAR 2 BE R s 4l A 248 2 R R 4k R ROR
BRI 7 55 . Neol 7 T 7-dmats-1 B9 2 4 %5 5
T, Bglll f F 7-dmats-2 [ i 2 L %565 F. 4k
Jik PCR A B 7 B 8] pGEM-T b, 15 5| i i
pL W39, 3 51 38 2o 35t 1% 43 B AL 28 5k D 7 445 3] 56
iE, B 2 IR AR pLW40, F PR I B Ncol A
Belll # b pLW39 Z J5. K15 219 1 418 bp 1
Ncol-BglIl J Bt B 4% 7% 4% 51 pQE60 1, pQE60 $
A2 Neol fil Belll W fbit. k&G & H 7-
DMATS FE N # ki pLW40, ] T 5 1 i £ 35 F
afifk,

1.2.3 EaAR k& L% r ¥ pLW40
AL ZE KBTI XL1 Blue MRF /1, 820 76 i
Ja B TS WA Luria-Bertani (LB) 3% ¢ 3 i) 4

W th, #F R T HF & KX (XK JE 50
pg e mL ") ,37 CTFAKZE ODy, i5 0.6, M5
PIE-B-D-BAC R LB (AIPTG) B W E Ny 0. 8
mmol « L', 37 CHE MR F7 16 h, B.OWE
WAL UTIELL 2~5 g » mL ' (g B F) kT & &
FT 22w (10 mmol « L1 BE M, 50
mmol « L' NaH,PO, #1 300 mmol « L™! NaCl,
pH 8. 0)H, Jinias & B (XK E 1 mg » mL™ '), K
EWEE 30 min, B 200 W ARG S SR A AL FE 6 YK,
B 10 s, ZHARIAE 4 °C LL 14 000 g B0 30 min,
A Ni-NTA BUE B IE (Qiagen) #1472 F1E M,
afi {20 S & H . BE B (50 mmol + LY
NaH,PO,, 300 L' NaCl, 250
mmol « L' BKME, pH 8. 0) P U 4E . & NAP-5 4
(50 mmol » L' Tris-HCL,15% H i, pH 7. 5, F47)
LR WL SDS-PAGE %E IS H I E A .
1.2.4 BGEAEALE BB oW 5 BFesH
%e BEMEIL A A N AR 10 mL, A1 F 50
mol « L' Tris-HCl, 5 mmol « L' CaCl,.
1 mmol « L™ DMAPP,1 mmol « L™ JE4FI 50
pg(0. 9 mmol « L™ ") 7-DMATS, pH 7. 5., i &
37 °CoR M 16 h, fm 10 pL =& 48 (1. 5
mmol « L™ & 1k [, B0 (15 000 g, 10 min,
4 CHBrEHE A FE., #id HPLC (Agilent 1200,
RP18-column, 10 mm X 250 mm, 5 pm, 1. 0
mL « min” DT EERE W, % 001060 = LR
A AT BE G 7 BYME R, AL 50 % %
100 % M%7 B #EAT 6 BE YEE 10 min, 100 %6 %5 7
BYE% 10 min J5.50% i ) B F i (5 3% 4+ 10
min, MG E5 X B K 277 nm., G EEEEY
T FH 8 7= 90 0 B AR TRD A9 HPLC 24, i h 2.5
mL « min~ " K E B 5 4 04 0 T AR 5 7R AR
Y BN Z Bl TR N i AR R R
ZEBR AV R R T BRK AR, ARG R G C H-
NMR, 500 MHz) % 5 H 45 4, B W 55 85 1 1k i 3
(ESI-MS) %75 Hoor i,

1.2.5 & Fx8# MHSHMEUNER
FgaPT2 (PDB 1D. 314X) £ A [A] J5 #% #e, & 57
7-DMATS [ [RIEMAELARL . S T 5 B Y45 A 4%
o ) SRR I 2%, E B LA ) R R IR A TR
53 ¥ . R Ledock BCF58 O 422, % 48 U2 5
Fie BT 422 RE it HE )Y . 2k HUOR L 42, SR A Pymol
L5 s Hr w45 21 JF s il 4 - x4 1A

1.2.6 @mppd&ral gz MTT kU2 0E 5

mmol
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Ak 11 W] e A R W A A okt 3 9 2 A K T
HFEH . BRI % T 5% M DMSO, Bt i ik B
2 mg e mL " RE F B 3R S LA R K 6
AR BE . B 4.0 X 10° mL ' 4 40 B B
FEFNT 96 FLANML RS T2, B FL 150 pl, & 3 1-F
1. 24 hJa, 5746 5 55 55 W B AS [ e B 2 7o U
Py 85 3RO A FEAR N 4L 150 pL, [ B i
ZEAXTIR, 48 hJE . 4 RO Y B 3R 3k OF
fLAA 20 pL MTT 88 AN 150 L 7 f 15 97 2
Bigf 4 h &, P4 490 nm T2 ROBIE (A,
RS L 23R 38 A SPSS 19 3582 5
il (IC )

IC50 = [ (A ol — A st ) /A omrar ] X 100% H:
H A oo X BREL OGS A (o R BE b 41 A W
.
1.2.7 BELEHHL HTHREERSH
F=¥) cyclo-1.-7-dimethylallyl-Trp-L-Pro (7b)
7-DMATS 11 B £k A B B A B0y 2% A 5 43 501 %
S ) pH VIR BE L B . Pk R v 1]
3 8~24 hi Ak pH. &% B 45 Fh I 1 28 vh g b it
AT AR BN B 2% Ml pH Ry 4. 0~6. 0 (7 5
FR-F7 k5 TR 4N 2% b ) . 6. 0 ~ 8. 0 (Na, HPO,-
NaH,PO, Z i) .7.0~9. 0(Tris-HCI 2 #ig)
1 10. 0~11. 0(Na,CO;-NaHCO; ZZ i) ; ik
I RS [A) IR B (5~50 °C) F #EAT B L [
DF 5 0 A B X T A R R 43 0 S i e ¢
WA 5 mmol « L' A9 K [H FH & ¥ Mg™" .
Ca’" .Mn*" \Fe?" \Ba’" .Zn?" \Cu*" . G EF{E
= W ¥ LL DMAPP it &, cyclo-L-Trp-L-Pro
(T) HIRP AT R E R 3 K, I X EFR & 1 i
1T HPLC %3 #7,

2 HEREAMN

2.1 7-DMATS EEMREF 4L

37 °C F.0.8 mmol « L' IPTG % S5 # 4
pLW40 1 K 7 #T 14 46 il . 38 it SDS-PAGE ¥
Wr, I Ni-NTA BEfs b4 His6-7-DMATS 2lifk 2
TS (E D BT R 3RS 5 mg gl
His6-tagged 7-DMATS [} & . W2 15> T
it 50 ku, X 5 His6-7-DMATS (%) 54 ku
HHEMHEEFWE.
22 CTRREBRRMGIR _MIkENEN
L ¥

2 T-DMATS BfEfb , G T 74 C-7 R IK

LS8 Em 2. FRIRMTREER; 3. NeNTA Bk
WS N 2% R )2 BT 20 25 4. A4k 19 His6-7-DMATS; 5. 73 7 it it
P 1

1. Total proteins before induction; 2. Solube protein proteins
after induction; 3. Wash fraction of Ni-NTA agarose; 4. Purified
His6-7-DMATS; 5. Molecular mass standard

B 1 SDS-PAGE H k4 #t
Fig. 1 SDS-PAGE electrophoresis analysis

975 AR B4 | W T IR W L DL B LT RO TR AR . &
HPLC 2 #r (K 2) & 3 7-DMATS X YA —
TEW LN, UL cyclo-L-Trp-L-Leu(3a) N IEY),
B Al R d i (30, 2%0) s Hok & LA cyclo-L-Trp-L-
Trp(6a) # cyclo-L-Trp-L-Tyr (5a) #l cyclo-L-
Trp-L-Pro(7a) N Y. % A6 3 53 5l Ry (28. 5%,
28. 1% F 25. 4% LA cyclo-1L-Trp-L-Phe(4a)
R AR B AR (11, 8%) . ESI-MS $ 4 43 #r
Sy BB T W 4y A B RYI R 4
WK 68, SR RN b F WG, RV LY
P AEAE B e e B . 7 ) 1b-Tb 5K 1a-
7a i)' H-NMR f HL 8, E B 55 &R H-7 1Y
LR 5 11 2K 5 T 38 I 55 B0 2R M fk 2 i B A5 5
dy3.41-3. 54 (1H,d, H-1"), 5. 24-5. 43 (1H, t,
H-2'),1. 58-1. 79 (3H. s, H-4") Fl 1. 49-1. 75
(3H, s, H-5"), [ i H-1" #9 4k 2= 7 % H-1'
(8 3.49-3. 5O WIUE W H 5% F K C i 1 i&
0

58 KW SCHR Y R s e, 1b 1 2b
1 H-NMR o 5 58 96 46 /Y 5] g 2R 58 4 2048 5
Fan S A0 A B0 50008 Ak i @ SR AT AR )
Z1l, 3b.5b F1 7b ' H-NMR % #& 5 Wunsch
SFUYR ) Hise-CdpC7PT i Ak & m 1y S I M Ak
F14) M| PR — i R 1 A5 4l — B, 4b A1 6b B9 H-NMR
B 5 Zou USSR ] Hise-CTrpPT 4k 4 WY
S G A | D R IR R A5 SRR AR G, X R
0 A 5 TF A BIF 5 A 1 7 0 45 R 1) TE B PE L S R
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kA P2 ESI-MS Ml H-NMR K 1E 4347 . 7 41
B E
cyclo-1-7-dimethylallyl-Trp-L-Gly(1b) (500
MHz,CD;OD,8,ppm,J/Hz) 7.07(s,H-2),7. 42
(d,J=7.9,H-4),6.93(t,J =7.5,H-5),6. 85
(dd,J=7.1,0.6,H-6),3.44(dd,J =14.7,3.8,

2

la cyclo-L-Trp-Gly (1a) 2 cyclo-L-Trp-L-Ala(22)

|

n

H-10),3.13(dd, J =14. 7,4. 5, H-10) , 4. 26 (t,
J=4.2,1. 0, H-11), 4. 12 (1H,d, J = 15. 0,
H-14a),3.57(1H,d,J =15. 0, H-14b), 3. 52(d,
7.3,H-1"),5. 42 (t,7. 2, 1. 4, H-2"), 1. 75 (s,
H-4"),1.74(s,H-5") ; ESI-MS m /= 312.2 [M+
H]";[e]ly = —22.5°(C=0.1,CH;OH),

42 (yelo -L-Trp-L-Phe(4a)

32 ¢yclo-L-Trp-L-Leu (3a)
3b
LA N

0 5 10 15 20 25 300 5 10 15 20 25 303Sb
t/min t /min
Sa

cyclo-L-Trp-L-Tyr(5a)

5

2 cyclo-L-Trp-L-Trp(62)

——————————————

10 15 20 25 30350 5 10 15 20 25
t /min t/min

7
2 cyclo-L-Trp-L-Pro(72)

6b
A
0 5 10 15 20 25 30 35 0 5 10 15 20 25 30 35 0 5 10 15 20 25
t /min t /min t/min
S 4 0 > 4 \ o}
695 10 L 15 6 \9 L1 9310015 1o
3 NH 7 6 NH
_ 27 A llNH 2-781 121% 14, 2 LT 12 Sau4lis
w5 "2 B4 4T (i 2HN 1755 N~ 2 HN > 20
5 o ¥ 0 5 0
1b(23.6%) 2b(20.2%) 3b(30.2%)
54 o)
6¢ N0, J01IE 15 2322 21 6¢7 V9511 I 15 23222100
N-Ri _7-DMATS 3 Dl TENH 7 1361\{&[1 o
& 4 1 20 4 4 N,
HA HNTI)\Rz > HN Y, 19 1 2% 17 19
lo) DMAPP PppPi 51 d
4b(11.8%) 5b(28.1%)
la-7a
> 4 0 5 4
93 QUILLg 1950 5V 95 115 19
b g TNEN I 2 . X HN%%DIS
¥ 1 N 2UEY 17 20\ )3 3 AN 14y,
5! o) 255 50 0
6b(28.5%) 7b(25.4%)
laR'=HR=H 2aR'=H R=CH3 3aR =H R>=CH,CH(CH), 7aR!+R?=CH,-CH,-CH,
3

4aR'=HR?= fﬁ_@

5aR!=H RZ:P\O—OH

HN
1= 2 =
6aR'=H K "\,«\D

B2 REEG#WE HPLC 547 (E£)F 7-DMATS #UME X —HURM (T)(EHMTHESHAELE)

Fig.2 HPLC analysis of incubation mixtures of selected ubstrates(above) and prenylation reactions

catalyzed by 7-DMATS(below) (Product yieldsarein square bracketsunder structures)

cyclo-L-7-dimethylallyl-Trp-L-Ala(2b) (500
MHz,CD, 0D, ,ppm,J/Hz) 7.07(s,H-2),7. 43
(d,J=7.9,H-4),6.93(t,] =7.5,H-5),6. 86
(dd,J =7.1,0.6,H-6),3.44(dd,J =14.7,3. 8,
H-10),3.13(dd, J =14. 7,4. 5, H-10), 4. 26 (¢,
J=4.2,1. 0, H-11),3. 69(dd. J = 7. 1, 1. 5,
H-14),0.34(d,J =7.0,H-17),3.52(d, ] =7. 2,
H-1).5.39(t, J =7.2,1. 4, H-2"), 1. 73 (s,
H-4'),1.73(s. H-5") ; ESI-MS m /= 326.2 [M+
H]" ;[o]¥= +14.7°(C=0.1,CH,OH),

cyclo-L-7-dimethylallyl-Trp-L-Leu(3b) (500

MHz.CD,0D,8,ppm,]/Hz) 7.06(s,H-2),7. 43
(d,J =8.0,H-4),6.93(t,J] =7.5,H-5),6.87
(dd,J =7.2,0.9,H-6),3.46(dd,] =14.7,3. 6,
H-10),3. 11(dd, J] = 14. 7, 4. 6, H-10), 4. 26
(ddd,J =4.4,3.4,0.9,H-11),3. 60(m, H-14) ,
1.13(m,H-17a),0. 64(m,H-17b), 1. 75(dd, ] =
7.5,1.0,H-18).0. 59(d,J =6. 6, H-19),0. 44
(d,J =6.6,H-20),3.52(d,J =7.3,H-1"),5. 43
(t.]J=7.2,1.4,H-2"),1. 76 (s, H-4"), 1. 75 (s,
H-5");ESI-MS m/z 368.5 [M+H] ;[ o]y =
—44.2°(C=0.1,CH,;OH),
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cyclo-1-7-dimethylallyl-Trp-L-Phe(4b) (500
MHz,CDCl;, &, ppm, J/Hz) 8. 16 (s, NH-1),
6.98(s,H-2),7.48(d,J =8. 4, H-4),7. 13(d,
J=7.5,H-5),7.05(d,J =6.9,H-6),3. 28(dd,
J=14.6,3.1,H-10),2. 62(dd. ] = 14. 6, 8. 3,
H-10),4.22(m,H-11),4. 09(m, H-14),5. 78(s,
NH-12),5. 72(s, NH-15),3. 07 (dd. J = 13. 5,
3.1,H-17a),2. 14 (dd, J =13. 5,9. 1, H-17b),
6.88(d,J =7.0,H-19),7. 30 (m, H-20),7. 26
(m,H-21),7.29(m, H-22),6. 89(d, ] =7.0,
H-23), 3.54(d,J =7.0,H-1"),5.30(t,] =7. 2,
H-2"),1. 79 (s, H-4"), 1. 71 (s, H-5") ; ESI-MS
m/z 402.5 [M+H] ;[alf) = —117.2°(C=
0.1,CH,OH),

cyclo-L-7-dimethylallyl-Trp-L-Tyr(5b) (500
MHz.CD,;0D,8.ppm,J/Hz) 7.06(s,H-2),7. 45
(d,J=7.7,H-4),7.02(t,] =7.6,H-5),6. 93
(d,J =7.0,H-6),3.05(dd, J] = 14. 6, 4. 2,
H-10),2.93(dd, J =14. 6,5. 2, H-10), 4. 18(t,
J=4.8,H-11),3.81(dd,J =9. 2,3. 5, H-14),
2.53(dd, J =13.6,3. 6,H-17),1. 26 (dd, J] =
13.6, 9.2,H-17),6.59(d.J = 8.6.H-19),6. 38
(d, J=8.6,H-20),6.38(d,J =8. 6, H-22),
6.59(d,J =8.6,H-23),3.49(d,J =7.2,H-1"),
5.30(t, ] =7.2,1.4,H-2"),1.66(s,H-4"),1. 56
(s, H-5"); ESI-MS m/z 418. 2 [M+ H]';
Loy =—95.7°(C=0.1,CH,;OH),

cyclo-1.-7-dimethylallyl-Trp-L-Trp(6b) (500

MHz,CDCl;, &, ppm, J/Hz) 8. 04 (s, NH-1),
6.56(d,J] =2.2,H-2),7.42(d,J =7.9,H-4),
7.06(t,] =7.5,H-5),7.01(d,J =7.1,H-6),
3.24(dd, J =14. 6,3. 2, H-10),2. 41 (dd, ] =
14.6,8.6,H-10),4, 20(m, H-11),5. 70 (s, NH-
12),4.19(m,H-14),5. 75 (s, NH-15), 3. 24 (dd,
J=14.6,3.2,H-17),2.51(dd,J = 14. 6,8. 2,
H-17),6.60(d,J =2.2,H-19),8.09(s,NH-20) ,
7.35(d,J =8.2,H-22),7.22(t,] =7.5,H-23),
7.16(t,J =7.6,H-24),7.58(d,J =8.0,H-25),
3.52(d,J =7.2,H-1"),5.30(t,J =7.2,H-2"),
1. 81 (s, H-4"), 1. 72 (s, H-5"); ESI-MS m /=
441.2 [M+H]" ;[a]f = —80.0°(C=0. 1,
CH,0H),

cyclo-1-7-dimethylallyl-Trp-L-Pro(7b) (500
MHz, CDCl;, 6, ppm, J/Hz) 8. 15 (s, NH-1),
7.01(s,H-2),7.49(d,J =8. 4, H-4),7. 12(d,
J=7.5,H-5),7.05(d,J] =7.0,H-6),3. 27(dd,
J=14.8,3.2,H-10),2.61(dd,J =14. 8,8. 2, H-
10),4.22(m,H-11),5. 78(s,NH-12) ,4. 05(1H,
d,J] =8.2,H-14),5.71(s,NH-15),1. 99(2H, m,
H-17),2.18(2H,m,H-18),3. 35(2H, m, H-19),
3.54(d,J =6.9,H-1"),5.30(t,J =7.2,H-2"),
1. 79 (s, H-4"), 1. 71 (s, H-5") 5 ESI-MS m /=
352.2 [M+H]1 ;[a]fy = —50.6°(C=0.1,
CH,0H),
2.3 HFNEERSW

El 3R 1a— 7Tadkb 17 19 2 41 #9 4 v fE & i AIX

B 3 7-DMATS 5 7 #ilB| Bk —BR UK IR B 45 S X
Fig.3 Binding pattern of 7-DMATS with indole diketopiperazines
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M55 5 R 1 (7-DMATS) i 4 4% 3D [, 7
i EHARfL & AR b M 45 A B R A Z b, R
PR 4 05| W R ) H o A ) A 3 M 67 50, 2 0l
B AZAR GLUSY  LEUST %5 2 5 IR 7% 3L ¥ A
SV 2 IR S H bR R A T A L A
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Note:“—" indicatesin given concentration range,anti-tumor activity has not been detected.
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C-7 Prenylation of Indole Diketopiperazine Alkaloids
by 7-dimethylallyl Tryptophan Synthase

LIU Rui,ZHANG Hongchi, LI Hui and ZHOU Feng

(College of Life Science,Shanxi Datong University,Datong Shanxi 037009, China;
Applied Biotechnology Institute, Shanxi Datong University, Datong Shanxi 037009, China)

Abstract Catalyzed by 7-dimethylallyl tryptophan synthetase,the the prenylated indole diketopipera-
zines was synthesized bycyclic dipeptides containing L-tryptophan,the molecular docking method was
used to analyze the affinity between the substrate and the enzym and the MTT method was used to de-
termine the inhibitory activity of the synthesized prenylated indole diketopiperazines on three kinds of
tumor cells;enzymatic catalytic conditions of the most active synthetic product were optimized by the
single factor method. The results showed that seven C-7 prenylated indolepiperazines were synthe-
size,the enzyme catalytic efficiency was also verified by the results of molecular docking; cyclo-1.-7-
dimethylallyl-Trp-1.-Pro screened with In vitro anti-tumor activity showed the highest activity, which
the optimal enzymatic conditions were reaction time of 18 h,temperature of 35 ‘C,pH 8. 0(Tris-HCI
buffer) ,and 5 mmol » L™ MgCl,.

Key words Indole diketopiperazine; 7-Dimethylallyl tryptophan synthase; Molecular docking; Anti-

tumor activity
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