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417U 1,525 @18Wugann BIOTEC Culture Collection Lﬁ@ﬂww‘hmﬂwmﬁymua:mo@mmmﬂnqwﬁ
NTIn I wFeadEnAn TNARaUAase il u anti-cancer cells, anti-Mycobacterium tuberculosis, anti-
Plasmodium falciparum, anti-herpes simplex visrus type |, anti-Candida albicans UazKFaEILNIEY
lUneasuaufuReiLada ua’amwmaau’lwfvfumn‘lﬁﬁﬁn'wﬁmLﬁﬂnfiauw‘%‘ﬁﬁmu 216 aneugial
qw'évm"ﬁ'qmwﬁua u'chLﬂﬂq'lmﬁmmmmumaﬂuﬂummmqm?ﬂanqwﬁ mnuuwm']mmmﬁmﬁan
mawuﬁwumu%‘lm 42 aneWuglvinnsfnunineds bioassay guided fractionation NANUITeNI K
'vm'umms‘[m\aamwaemTmuquuqumquﬁmmmw uav'lu-nmvmmnuwwuﬁmmm?mﬂ lungu
2.4-diaminopyrimidine ‘lmnn'&’qmmvmutwwﬁ‘[mmmmmmvaunuma‘qunuLﬂu‘l'nu DHFR uanaanii
1mumm@ﬁmun’m,a‘mlqq@mmm:*twaquma‘v-n*ryLmui‘mmL'naﬁ'lunq'umﬁﬂ'[m'luuum (Insect

. . aa o
pathogenic fungi) memJnmmmmmﬁﬁ'\unqu@uq
Summary

During one year of this research project, 1,525 fungal isolates from the BIOTEC Culture
Collection were selected for primary screening against cancer cell lines, Mycobacterium tuberculosis,
Plasmodium falciparum, herpes simplex visrus type |, or Candida albicans. A number of isolates were
also tested for their cytotoxic effects on a monkey cell line. Subsequently, 216 isolates showing good
activities in various tests were recultured in a larger scale to confirm test results. Fourty two isolates
were chosen for bioassay guided fractionation. From our investigations, a set of compounds with
elucidated structures are shown with biological activities. Furturemore, derivatives of 2.4-
diaminopyrimidine were synthesized and tested with DHFR enzymes to identify the most suitable
structure to inhibit DHFR activity. In addition, we have modified the components of culture media in
order to increase the growth rate of insect pathogenic fungi, which normally grow at a much slower rate

when compared with other groups of fungi.
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. anti-Mycobacterium tuberculosis
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1. manadaugnen i neawdas lutudy (Primary Screening)

1.1 agtduaudanildfudetldmdanmaseangnimedanin
Tﬁﬁﬁm?ﬁmlﬁﬂnaﬁu*n‘%ﬁmnnduﬁiwq fufadu 9 ng fauanslumianed 1 Taeiugnnisdenie
.meiﬁnmmm’lunawLﬂﬂ'lmum?wmafauqwﬁwwmmwmnauu.aJluummm?mwmiaﬂnqwﬁm
nd1mnguiu wu srielsaluunasias :ngN Endophytic fungi (nndnFesas 7.8 uar 10.7 liia

positive siaitadNTETin KB mud1aL) dausingudiug Wumsdndeniiernumaseudneniwlums
YNENTDRNOVENWTINIW 290VNBUS U 1,117 dneniug]

| 3 ' a ao X P - ° . ol '
TN 1 UAMIRTUIUTUARCIUANUNNALUND AT NEINA Screenlng ‘lu')ﬁn']TVIﬂﬂﬂUﬂ'N']

Fungal group Number of isolates

Teiaalil (Wood decaying fungi) 1
mnialealuitnga (Insect pathogenic fungi) 385
7yadnd (Dung Fungi) 6
':"n'i’\ (Aquatic fungi) 4
$NQN Coelomycete 15
TINgN Endophytic fungi 583
mq’mﬁww:m {Marine fungi) 27
mﬁw‘?muuﬂﬁu (Palm fungi) 78
$INQN Xylariaceae 18

FauneAY : 1,117
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FOLITEN mnuumlﬂmlmmq WRTANAMEAYNATANLBUYTEAE Methanol: Dichloromethane (1: 1) UAY

mnuumlﬂwmmums@@nqmé aFUNIAGY SuleA (5 13N (HSV) nzfe (KB, BC, NCI-H 187) uaz mm'z"m@

Lsalunyutl (Candida albicans) fauanelumsed 2
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1 o = " s - o = < [ '

nawz@eniunai ilieglutownsdeni  Jwanimaseugnasiie  Wseeuen¥luuwiacnis

naasusall

< ° ' a Al 3y
M990 3 : LLﬂﬂQ’Q’WH')uT’\Ltﬁlﬂt‘ﬁumﬁw’luﬂ’\?Y\ﬂﬂﬂUﬂ’]i‘ﬂﬂﬂf"ﬂﬁﬂ’N%’)ﬂ']W

Fungai group Number of isolates

9NQN Basidiomycete 367
7NQN Coelomycete 14
7yadn T (Dung Fungi) 62
7INQN Endophytic Fungi 377
snialsaluunag (Insect pathogenic fungi) 284
T’Vi\’mﬁ’m:m (Marine Fungi) 11
?ﬁﬁvﬁmuuﬂﬂﬁu (Palm Fungi) 34
ﬁ"niﬂ (Aquatic Fungi) 117
T19MNN7¢E (Sand Fungi) 12
T LNERTT (Seed Fungi) 70
710 (Soil Fungi) 5
stiaaaa el (Wood Decaying Fungi) 172
SR 1,525

1.3.1 puasifsamusse

ranIMaaUNMIai A luszaziaan 1 Tt 4o 4,551 faating wudions
siefiunnaGudiuau 55 fating (28 aeiug) Anidlu 1.21% tesfhoteiane (ANMMARBLFILERY
Wumafl 3) Tmﬂwuﬁthaﬁ'lﬁqwﬁrviaﬁ'\ummﬁ“ﬂ'lu?:ﬁuqa (A1 EDg,<1 pg/mi) 47u7u 8 st uax
'lﬁqw%r'lus:ﬁuﬂ']una’m (A1 ED, 1-50 pg/ml) AU 47 Fnting FaRnuly 14.55% waz 85.45% 184

(P ol

° o . i . o e ] - Y P ' .
Suatiiling positive maddy SaqnasadinsnaGelussiuganuldisanialungu Endophytic
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° ar il < ) ° o i H . ar X ] e
fungi AU 4 sinade Amdu 7.27% aesduausetinaiilviia positive wazdawuide lunguayadng
(Dung fungi) uazsnalsaluungs (insect fungi) ﬁ‘lﬁqw%}iw’hummL‘%’*a'lm:ﬁmgﬁ"\mu 3 F9LiNg UAY 1
Aatmnaiy TneRndy 545% uar 1.82% weadiuusinednaiiling positive ANANTL S1udusn

R P Y = " o & @ e \ o a .
@anawmqmﬁmmummwm‘iqu'lury‘lmalm:mumunmmLﬂum@mam‘lun@umq'] An  snalsaly
WNAIRUIY 20 et 91NN Endophytic fungi 413 12 Fesing 7lungu Basidiomycete 47101
10 fetiW 9yadAT (Dung fungi) 3 Met wazs iU (Paim fungi) wsseiausanyls
(Wood-decay fungi) 8netinar 1 faating JeAniflu 36.36%, 21.82%, 18.18%, 5.45% uay 1.82% mny

°

ARy

] a & aeda <Ly P
ANFI9N 4 LLﬂﬂ\i'ﬂ“ﬂ'ﬂﬂﬂﬂ?ﬂﬂ“ﬂﬂﬁﬂ’ﬂm"\uuqﬂ']l?ﬂ

No. Screening code Ferment code Original code EDq, (ng/mt)
1 YO 1076 450391.11 B SRS 31 0.40
2 YM 1201 441332.3B SFC 1532 0.50
3 YM 1202 44133211 B SFC 1532 0.50
4 YO 1073 450391.11 A SRS 31 0.60
5 YP 0149 4601274 A NHJ 12040 0.60
6 YO 1075 450319.3B SRS 31 0.60
7 YO 0888 450360.8 A SRS 34 0.60
8 YM 323 441186.11 A SFC 1516 0.75
9 YP 0151 460127.3 B NHJ 12040 3.50
10 YP 0152 460127.48 NHJ 12040 4.40
1 YP 0064 460048.3 A NHJ 12030 4.80
12 YO 0694 450346.3A KPFCD 1021 5.10
13 YN 1069 4501333 B NHJ 11660 5.30
14 YN 1068 450133.9 A NHJ 11660 5.30
15 YM 936 441288.8 A_ B 37 5.40
16 YP 0697 460173.3 A NHJ 12198 5.40
17 YM 938 441288.11 B 1B 37 5.50
18 YO 1353 460006.9 8B NHJ 11834 5.60
19 YN 1527 4502398 B SRS 35 5.70
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No. Screening code Ferment code Original code ED,, (ug/ml)
20 YO 0889 450360.3 B SRS 34 575
21 YP Q779 460186.4 B AL 259 5.90
22 YP 0698 460173.4 A NHJ 12198 5.90
23 YO 1074 450391.8 A SRS 31 6.00
24 YN 242 450025.11 8 PGI 350 6.10
25 YO 1072 450391.3 A SRS 31 6.40
26 YN 1524 450239.8 A SRS 35 6.40
27 YO 1342 460005.3 A NHJ 11809 6.50
28 YN 1523 450239.11 A SRS 35 6.50
29 YN 1526 450239.11 B SRS 35 6.70
30 YN 877 450173.3 B NHJ 11538 6.80
31 YN 308 450036.11 B PGI 351 6.90
32 YO 1326 4600029 A NHJ 11690 7.40
33 YN 1522 450239.3 A SRS 35 7.40
34 YN 239 450025.11 A PGt 350 7.50
35 YO 1378 460011.3 A NHJ 11953.04 7.70
36 YP 0065 460048.4 A NHJ 12030 7.70
37 YM 1199 441332.11 A SFC 1532 8.10
38 YM 939 441288.88B 1B 37 8.20
39 YN 878 4501734 B NHJ 11538 8.40
40 YP 0067 460048.3 B NHJ 12030 8.50
41 YP 0290 450466.11 B SRM 12 8.90
42 YO 0623 450334.11A PP 216 9.10
43 YM 1056 4413088 A PRT 83 9.60
44 YP 0148 460127.3 A NHJ 12040 10.0
45 YN 1066 450133.3 A NHJ 11660 12.30
46 YP 0362 450478.11 B SRM 73 12.60
47 YN 1418 450221.11 B SRS 14 13.00
48 YN 1525 450239.3 B SRS 35 13.50
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No. [Screening code Ferment code Original code Anti TB MIC(ug/ml)
8 YN 1184 450152.11 8B CMUZE 67 Active 0.78
9 YM880 441279.3A PGl 511 Active 0.78
10 YO1061 450389.11A SRS 66 Active 0.78
11 YN 0391 450050.3 B AL 166 Active 3.13
12 YO 0971 450374.11 A SRS 47 Active 3.13
13 YN 1486 450233.3A SRS 72 Active 3.13
14 YN 0392 450050.4 B AL 166 Active 6.25
15 YPO779 460186.4 B AL 259 Active 6.25
16 YM 572 441227.4B AL 270 Active 6.25
17 YP 0005 460038.11A CMUEO 1725 Active 6.25
18 YP 0011 460039.11A CMUEOQO 1727 Active "6.25
19 YO 1534 460037.3A CMUEO 1751 Active 6.25
20 YP 0149 460127.4 A NHJ 12040 Active 6.25
21 YP 0097 460053.3 B NHJ 12103 Active 6.25
22 YP0698 460173.4 A NHJ 12198 Active 6.25
23 YN 1091 " 450137.11 A PGI 358 Active 6.25
24 YM 883 441279.3 B PGI 511 Active 6.25
25 YO 1076 450391.11 8B SRS 31 Active 6.25
26 YM 571 441227.3B AL 270 Active 12.50
27 YM 809 44126711 A CB 112 Active 12.50
28 YM 346 441190.3A CB 18 Active 12.50
29 YO 1184 450427.11 8B CMUE 1318 Active 12.50
30 YP 0004 460038.3A CMUEO 1725 Active 12.50
31 YP 0007 460038.38 CMUEO 1725 Active 12.50
32 YP 0014 460039.11B CMUEO 1727 Active 12.50
33 YP 0010 460039.3A CMUEO 1727 Active 12.50
34 YP 0013 460039.38 CMUEOQ 1727 Active 12.50
35 YP 0002 460037.118 CMUEO 1751 Active 12.50
36 YP 0001 460037.3B CMUEO 1751 Active 12.50
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No. [Screening code Ferment code Original code Anti TB MIC(pg/mi)
37 YO 1504 460032.3A NHJ 11293 Active 12.50
38 YNO130 450007.3A NHJ 11350 Active 12.50
39 YN 0877 450173.3 8B NHJ 11538 Active 12.50
40 YPO754 460182.3 B NHJ 11766.01 Active 12.50
41 YP0766 460184.3B NHJ 11766.02 Active 12.50
42 YO 1378 460011.3A NHJ 11953.04 Active 12.50
43 YO 1383 460011.98 NHJ 11953.04 Active 12.50°
44 YP 0152 4601274 B NHJ 12040 Active 12.50
45 YP 0124 460058.3 A NHJ 12076 Active 12.50
46 YP 0098 460053.4 B NHJ 12103 Active 12.50
47 YP 0063 460047.9 B NHJ 12133 Active 12.50
48 YP 0140 460060.4 B NHJ 5516 Active 12.50
49 YN 1094 450137.118B PGl 358 Active 12.50
50 YM 884 441279.11 8B PGl 511 Active 12.50
51 YM 226 441137.3A PP 333 Active 12.50
52 YO 0646 450338.3A PP 426 Active 12.50
53 YO 0649 450338.3B PP 426 Active 12.50
54 YL 1126 441027.3 A PP 646 Active 12.50
55 YO 0974 450374.118B SRS 47 Active 12.50
56 YM 548 441223.4B AL 160 Active 25.00
57 YM 683 441246.4A AL 169 Active 25.00
58 YM 686 441246.4B AL 169 Active 25.00
59 YMO0337 441188.3B AL 197 Active 25.00
60 YM 569 441227 .4A AL 270 Active 25.00
61 YM 812 441267.11 8B CB112 Active 25.00
62 YM 784 441263.3 A CB 21-3 Active 25.00
63 YM 786 441263.8 A CB21-3 Active 25.00
64 YL 1504 441178.3 A CB8 Active 25.00
65 YO 0061 450251.3 B CMUBE 838 Active 25.00
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No. [Screening code Ferment code Original code Anti TB MiC(pg/ml)
66 Y0460 450307.3A CMUE 1736 Active 25.00
67 YO0460 450307.3A CMUE 1736 Active 25.00
68 YN 0793 450117.3 B CMUE 1770 Active 25.00
69 YO 1517 460034.11A CMUEO 1722 Active 25.00
70 YO 1520 460034.118B CMUEO 1722 Active 25.00
71 YP 0008 460038.11B CMUEOQ 1725 Active 25.00
72 YN 1171 450150.3 B CMUZE 387 Active 25.00
73 YN 1279 450168.3 B CMUZE 401 Active 25.00
74 YN 1187 450153.11 A CMUZE 447 Active 25.00
75 YN 0730 450107.3 A NHJ 11268.1 Active 25.00
76 YN 0733 450107.3 B NHJ 11268.1 Active 25.00
77 YN 0772 450114.3 A NHJ 11268.2 Active 25.00
78 YN 0776 4501144 8B NHJ 11268.2 Active 25.00
79 YO 1507 460032.3B NHJ 11293 Active 25.00
80 YO 1326 460002.9A NHJ 11690 Active 25.00
81 YO 1375 460010.3B NHJ 11770 Active 25.00
82 YO 1408 460016.3A NHJ 11942 Active 25.00
83 YO 1381 460011.3B NHJ 11953.04 Active 25.00
84 YO 1380 460011.9A NHJ 11953.04 Active 25.00
85 YPO739 460180.3 A NHJ 11995 Active 25.00
86 YP 0127 460058.3 B NHJ 12076 Active 25.00
87 YP 0061 460047.3 B NHJ 12133 Active 25.00
88 YP0700 460173.3 B NHJ 12198 Active 25.00
89 YM 881 44127911 A PGI 511 Active 25.00
90 YM 885 4412798 B PG! 511 Active 25.00
o1 YLE71 44970.11A PP 1114 Active 25.00
92 YM 799 441265.3 B PP 312 Active 25.00
93 YM 172 441128.3 A PP 324 Active 25.00
94 YO 646 450338.3A PP 426 Active 25.00
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No. |Screening code Ferment code Original code Anti TB MIC(pg/mil)
95 YL1129 441027.3B PP 646 Active 25.00
96 YN 0991 450192.3 8B PP 904 Active 25.00
97 YM 851 441274.11 A SFC 1552 Active 25.00
98 YM 1270 4413443 A SFC 1559 Active 25.00
99 YM 1273 4413443 8B SFC 1559 Active 25.00
100 | YP 0322 4504723 A SRM 78 Active 25.00
101 YN 0893 450176.11 A SRS 10 Active 25.00
102 YN 1418 450221.11B SRS 14 Active 25.00
103 YO 1073 450391.11 A SRS 31 Active 25.00
104 YO 1075 450391.3 B SRS 31 Active 25.00
105 | YOO0487 450311.3B SRS 50 Active 25.00
106 | YOO0487 450311.3B SRS 50 Active 25.00
107 | YM 687 441246.98B AL 169 Active 50.00
108 | YM682 441246.3A AL 169 Active 50.00
109 | YM 1301 441349.4 A AL 221 Active 50.00
110 | YM 1304 44134948 AL 221 Active 50.00
111 | YPO778 460186.3 B AL 259 Active 50.00
112 | YPO776 460186.4 A AL 259 Active 50.00
113 | YM 570 441227.9A AL 270 Active 50.00
114 YM0568 441227.3A AL 270 Active 50.00
15 | YM613 441234.3B AL 68 Active 50.00
116 | YM614 441234.4B AL 68 Active 50.00
117 | YM 808 441267.3 A CB 112 Active 50.00
118 | YM716 "441251.11B CB 130 Active 50.00
119 | YM 347 441190.11A CB 18 Active 50.00
120 | YM 348 441190.8A CB 18 Active 50.00
121 | YM 460 441209.3A CB 20 Active 50.00
122 YM787 441263.3B CB21-3 Active 50.00
123 | YMT721 441252.3 B cB22 Active 50.00
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No. Screening code Ferment code Original code Anti TB MIC(pg/ml)
124 YM 722 44.1252.11 B cB 22 Active 50.00
125 YNO104 450002.11B CMUBE 1803 Active 50.00
126 YN 1207 450156.3 B CMUBE 1812 Active 50.00
127 YN 1206 450156.8 A CMUBE 1812 Active 50.00
128 YO 0059 450251.11 A CMUBE 838 Active 50.00
129 YO 0062 450251.11 B CMUBE 838 Active 50.00
130 YO 0058 450251.3 A CMUBE 838 Active 50.00
131 | YO 0063 450251.8 B CMUBE 838 Active 50.00
132 YN 0788 450116.11 B CMUE 1338 Active 50.00
133 YN 1300 450202.3A CMUE 1394 Active 50.00
134 YO 1102 450396.3 A CMUE 1487 Active 50.00
135 | YN 0800 450118.11 8B CMUE 1506 Active 50.00
136 | YN 0799 450118.3B CMUE 1506 Active 50.00
137 | YO 1187 450428.11 A CMUE 1529 Active 50.00
138 | YO 0147 450265.8 B CMUE 1746 Active 50.00
139 YN 0790 450117.3 A CMUE 1770 Active 50.00
140 | YO 1516 460034.3A CMUEO 1722 Active 50.00
141 | YO 1519 460034.38 CMUEO 1722 Active 50.00
142 | YO 1535 460037.11A CMUEO 1751 Active 50.00
143 | YP 0003 460037.8B CMUEO 1751 Active 50.00
144 | YN 1169 450150.11 A CMUZE 387 Active 50.00
145 | YN 1285 450169.3 B CMUZE 388 Active 50.00
146 | YN 1277 450168.11 A CMUZE 401 Active 50.00
147 | YN 1276 450168.3 A CMUZE 401 Active 50.00
148 | YN 1281 450168.8 B CMUZE 401 Active 50.00
149 | YN 0622 450089.3 A CMUZE 405 Active 50.00
150 | YN 0623 450089.11 A CMUZE 405 Active 50.00
151 | YN 1186 450153.3 A CMUZE 447 Active 50.00
152 | YN 1166 450149.11 B CMUZP 3 Active 50.00

23




No. |[Screening code Ferment code Original code Anti TB MIC(pg/ml)
153 YN 0461 450062.4 A NHJ 11253 Active 50.00
154 YNO112 450004.3A NHJ 11262.01 Active 50.00
1565 YN 0734 45010748 NHJ 11268.1 Active 50.00
156 YN Q775 450114.3 B NHJ 11268.2 Active 50.00
157 YNO188 450016.4B NHJ 11271.5 Active 50.00
158 YN0149 450010.4A NHJ 11271.7 Active 50.00
159 YN0152 450010.4B NHJ 11271.7 Active 50.00
160 YN 0505 450069.3 B NHJ 11271.8 Active 50.00
161 YN 0506 450069.4 B NHJ 11271.8 Active 50.00
162 YN 0757 450111.3B NHJ 11299 Active 50.00
163 | YN 0878 450173.4 B NHJ 11538 Active 50.00
164 | YO 1324 460002.3A NHJ 11690 Active 50.00
165 | YO 1329 460002.98 NHJ 11690 Active 50.00
166 | YO 1372 460010.3A NHJ 11770 Active 50.00
167 | YO 1347 460005.98 NHJ 11809 Active 50.00
168 YO 1363 460008.3B NHJ 11810 Active 50.00
169 | YO 1365 460008.98 NHJ 11810 Active 50.C0
170 | YO 1411 460016.3B NHJ 11942 Active 50.00
171 YO 1382 460011.4B NHJ 11953.04 Active 50.00
172 | YPO742 460180.3 B NHJ 11995 Active 50.00
173 | YPO792 460188.98B NHJ 12004 Active 50.00
174 | YP 0073 460049.3 B NHJ 12012 Active 50.00
175 | YPO719 460176.4 8 NHJ 12053 Active 50.00
176 YP‘0094 460053.3 A NHJ 12103 Active 50.00
177 | YP 0058 460047.3 A NHJ 12133 Active 50.00
178 | YP 0135 460059.9 B NHJ 12173 Active 50.00
179 | YP 0138 460060.9 A NHJ 5516 Active 50.00
180 | YN 0263 450029.11 A PGI 110 Active 50.00
181 YM 882 4412798 A PGI 511 Active 50.00
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No. {Screening code Ferment code Criginal code Anti TB MIC(ug/ml)
182 | YM 1457 441375.11 A PGl 537 Active 50.00
183 | YM1456 441375.3A PGI 537 Active 50.00
184 | YO0392 450295.11B PGl 697 Active 50.00
185 | YO0392 450295.118B PGI 697 Active 50.00
186 | YL670 44970.3A PP 1114 Active 50.00
187 | YN 1254 450164.8 A PP 1212 Active 50.00
188 | YM 174 4411288 A PP 324 Active 50.00
189 | YM 175 441128.3B PP 324 Active 50.00
190 YM 229 441137.3 B PP 333 Active 50.00
191 YM 196 441132.3 A PP 600 Active 50.00
192 | YM 197 441132.11 A PP 600 Active 50.00
193 | YP 0209 450453.11 A SFC 1008 Active 50.00
194 | YM 326 441186.11B SFC 1516 Active 50.00
195 | YO 0766 450413.3A SRM 79 Active 50.00
196 | YP 0347 450476.11 A SRM 80 Active 50.00
197 | YO 0995 450378.11 A SRS 30 Active 50.00
198 | YO 0994 450378.3 A SRS 30 Active 50.00
199 | YO 0980 450375.11 B SRS 32 Active 50.00
200 | YP 0272 450463.11 B SRS 4 Active 50.00
201 YO 0551 450322.11A SRS 46 Active 50.00
202 | YN 1307 450203.11A SRS 53 Active 50.00
203 | YO 1063 450389.3 B SRS 66 Active 50.00
204 | YN 1408 450220.3A SRS 73 Active 50.00
205 | YM214 441135.3 A SS 1042 Active 50.00
206 | YM977 441295.11 A TB 191-2B Active 50.00
207 | YL1325 441060.11 A CB 54 Active 50.00*

! - z U ) : 1 -
* Active usiiinznawfalu A1 MIC ansagiinrudidu +1 vinsesrnaududiuan
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13.3 Qmauﬁaﬁi@gﬁu Herpes Simplex Virus (Anti-HSV)

ransnaseunnsuiate Herpes Simplex Virus type | An@aasinaqdunstianuay 2,345 69
atine wudraunsofudate Herpes Simplex Virus 16 156 fnating (121 anawug) Aty 6.65% 28959
ptheiavue douaaslumsedl 5 fetnailinadudade Herpes Simplex Virus Tusziuga (IC,, < 50
pg/ml) f/nuau 28 daetne Aadlu 17.95% 1388t Iina positive uazdw'lunjtﬂw,%ﬂlunziu
484 insect fungi AU 22 Fiaene Aaiiu 14.10% , Aquatic fungi 742U 3 Finatig, Endophytic fungi
AIUIU 2 FiNBLiNY WAY Wood-decay fungi AU 1 sinaeind Astlu 1.92%, 1.28% uar 0.64% MINAIAL
uazfaeai ivuadusade Herpes Simplex Virus luszatiunanwfiaaua 128 faatine wudndaulug
tﬂm%@'lumg‘mm insect fungi H31u2U 43 fatine Anlu 27.56% $09a9N1A8 Endophytic fungi (22),
Wood-decay fungi (20), Basidiomycte (13), Aquatic fungi (11), Dung (9), Seed fungi (6), Sand fungi (2),

215U Soil fungi (1) Uar PRGN (1)

al a - o ral a ' 1 ' .
A9 6 © UAAITHATENAUYTENHARANTABFNWES Herpes Simplex Virus

No. [Screening code Ferment code Original code Anti-HSV-1 Cytotoxicity
1 YO 1326 460002.9A NHJ 11690 Active (1.70) 12.4
2 | YO1380 460011.9A NHJ 11953.04 | Active (1.80) 41.1
3 | YP0O780 460186.9 B AL 259 Active (13.90) > 50
4 | YK821 44593.11 A SS 876 Active (16.16) > 50
5 | YK824 44593.11 B SS 876 Active (16.26) > 50
6 | YK37 44371.3 B AL 38 Active (19.24) > 50
7 | YOO0316 450622.3 B NHJ 11762 Active (19.40) >50
8 | YO 1329 460002.9B NHJ 11690 Active (19.80) >50
9 | YKO0003 443659 B AL 27 Active (22.49) 35.76
10 | YLO 448779 B AL 180 Active (23.12) > 50
11 | YO 1415 460017.4A NHJ 11828 Active (28.40) >50
12 | YPO706 460174.3 B NHJ 11771.01 | Active (28.40) >50
13 1YL 44888.4 A AL 78 Active (29.88) > 50
14 | YP 0821 450493.11 A SRM 33 Active (29.90) > 50
15 | YK 991 44804.3B PP 743 Active (34.11) > 50
16 | YJ 0883 44163.3B NHJ 10771 Active (34.97) > 50
17 | YK 929 4479411 A PP 43 Active (38.23) > 50
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No.

Screening code

Ferment code Original code Anti-HSV-1 Cytotoxicity
18 | YO 0332 450625.4 A NHJ 11471 Active (39.90) > 50
19 | YK0319 44426.3 B AL 61 Active (4.95) 34.85
20 | YK873 44784.18 B SS 841 Active (44.78) > 50
21 YK 310 444253 A AL 46 Active (49.09) > 50
22 | YK 0005 44366.4 A AL 111 Active (5.35) 11.98
23 | YP 0691 460172.3 A NHJ 12002 4 Active (5.50) > 50
24 | YO 1337 460004.4A NHJ 12029 Active (50.00) > 50
25 | YP 0689 460171.4 B AL 31 Active (7.40) 19
26 | YK 1085 44818.4 A AL 25 Active (7.99) > 50
27 | YP 0688 460171.3 B AL 31 Active (8.00) 452
28 | YL8 448774 8B AL 180 Active (8.41) > 50
29 | YK 879 44785.18 B SS 747 Moderately active 38.06
30 | YL 207 44910.88B CB 53 Moderately active > 50
31 1 YL279 4492288 CBSS 1-7 Moderately active > 50
32 | YL1 44876.3 B CBSS 1-9 Moderately'active >50
33 | YL1 44876.3 B CBSS 1-9 Moderately active > 50
34 | YK0831 445948 B PP 963 Moderately active >50
35 | YK 0600 44556.18 A 5SS 634 Moderately active > 50
36 | YK544 44407.3 A SS 679 Moderately active >50
37 | YK547 44407.3 B SS 679 Moderately active > 50
38 | YK0Q725 44577.11 A 8§ 712 Moderately active > 50
39 | YKO727 44577.3 B §S712 Moderately active > 50
40 | YK 0875 44785.11 A 8§ 747 Moderately active > 50
41 | YK0592 44555.3 A SS771 Moderately active >50
42 | YK 0597 44555.18 B SS771 Moderately active > 50
43 | YK 1221 44840.18 B SS 888 Moderately active >50
44 | YK 1342 44928.3 A CB 55 Moderately active >50
45 | YK 1524 448748 A CBSS 1-2 Moderately active > 50
46 | YK 1525 44874.3 8B CBSS 1-2 Moderately active > 50
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No. Screening code Ferment code Original code Anti-HSV-1 Cytotoxicity
76 | YK1077 44816.9B AL 161 Moderately active > 50
77 | YK 495 4454598 AL 186 Moderately active > 50
78 | YK 1530 448759 A AL 193 Moderately active > 50
79 | YK 1325 44858.4 A AL 215 Moderately active > 50
80 | YK 1328 44858.4 B AL 215 Moderately active > 50
81 | YK 1089 448189 B AL 25 | Moderately active >50
82 | YK 1486 449523 A AL 251 Moderately active > 50
83 | YK38 4437148 AL 38 Moderately active >50
84 | YK 1516 44873.3 A AL S5 Moderately active > 50
85 | YK 1520 44873.4 B ALS Moderately active >50
86 | YK 1521 44873.9B AL S Moderately active >50
87 | YK 1330 44859.3 A AL 58 Moderately active > 50
88 | YK 1333 44859.3 B AL 58 Moderately active > 50
89 | YK373 445253 B AL139 Moderately active > 50
90 | YK 0695 44572.4 A NHJ 10441 Moderately active > 50
91 | YK673 44568.3 R NHJ 10681 Moderately active > 50
92 | YK 326 444274 B NHJ 10825 Moderately active > 50
93 | YK 327 444279 B NHJ 10825 Moderately active > 50
94 | YK 401 44530.4 A NHJ 11005 Moderately active >50
95 | YK 0705 445739 B NHJ 11014 Moderately active > 50
96 | YK 357 4452288 PP 46 Moderately active >50
97 | YK0769 445843 B SFC 34 Moderately active >50
98 | YK0622 44560.3 A SFC 610 Moderately active >50
99 | YK0625 44560.3 B SFC 610 Moderately active >50
100 | YK 0626 44560.11 B SFC 610 Moderately active > 50
101 | YK 0621 44559.8 B SFC 613 Moderately active > 50
102 | YKO785 44587.11 A SF 188 Moderately active > 50
103 | YK 0787 44587.3 B SF 188 Moderately active >50
104 | YK 849 44780.8 B PP 309 Moderately active >50
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No.

Screening code Ferment code Original code Anti-HSV-1 Cytotoxicity
105 | YK 453 44538.8 B PP 1029 Moderately active > 50
106 | YK 0960 44799.8 A PP 133 Moderately active > 50
107 | YK 961 44799.3 B PP 133 Moderately active > 50
108 | YK 0798 44589.8 A PP 448 Moderately active > 50
109 | YK 1354 44930.3 A PP 53 Moderately active >50
110 | YK 1358 44930.11 B PP 53 ' Moderately active > 50
11| YK 1038 448128 A PP 60 Moderately active > 50
112 | YK 1384 449353 A PP 781 Moderately active > 50
113 | YK 1300 44854.3 A PP 87 Moderately active > 50
114 | YK 0792 44588.8 A PP 88 Moderately active >50
115 | YK 0793 44588.3 B PP 88 Moderately active > 50
116 | YK Q794 44588.11 B PP 88 Moderately active >50
117 | YK 367 44524.3 B PP 885 Moderately active >50
118 | YK 1267 44848.3 B PP 89 Moderately active > 50
119 | YK 1311 448558 B PP 90 Moderately active > 50
120 | YK 1308 44855.8 A PP 90 Moderately active > 50
121 | YK 1294 44853.3 A PP 91 Moderately active > 50
122 | YK 1299 44853.8 B PP 91 Moderately active > 50
123 | YK 0938 44795.11 B8 PP 92 Moderately active > 50
124 | YL 346 441004.3 A PP 777 Moderately active > 50
125 | YO 293 450618.4 B NHJ 11489 Moderately active > 50
126 | YO 298 450619.3 B NHJ 10363 Moderately active >50
127 | YO 329 450624.4 B NHJ 11574 Moderately active > 50
128 | YP 0007 460038.3B CMUEO 1725 Moderately active > 50
129 | YP 0018 460040.8A CMUW 2270 Moderately active >50
130 | YP 0044 460044.4 B NHJ 12039 Moderately active > 50
131 | YP 0096 460053.9 A NHJ 12103 Moderately active > 50
132 | YPO115 460056.3 B NHJ 12027 Moderately active > 50
133 | YP 0123 460057.98B NHJ 12044 Moderately active > 50
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No.

Screening code Ferment code Original code Anti-HSV-1 Cytotoxicity
134 | YP 0126 460058.9 A NHJ 12076 Moderately active > 50
1351 YP 0130 460059.3 A NHJ 12173 Moderately active > 50
136 | YP 0150 4601279 A NHJ 12040 Moderately active > 50
137 | YPO157 460128.3B NHJ 11771.04 Moderately active > 50
138 | YP 0171 460130.9B NHJ 11805.02 Moderately active > 50
139 | YPO179 4601324 A NHJ 12078 ' Moderately active > 50
140 | YP 0187 460133.3 B NHJ 11924 Moderately active > 50
141 | YP 0819 4504928 B SFC 1018 Moderately active > 50
142 | YP 0827 450494.11 A SRM 18 Moderately active > 50
143 | YP 0653 450530.11A SRM 65 Moderately active > 50
144 | YP 0654 450530.8A SRM 65 Moderately active > 50
145 | YP 0804 450535.8A SRS 84 Moderately active >50
146 | YP 0811 450536.3B SRS 58 Moderately active > 50
147 | YP 0810 450536.8A SRS 58 Moderately active > 50
148 | YP 0835 450537.3 B SRM 56 Moderately active > 50
149 | YP 0839 450538.11 A SRS 64 Moderately active >50
150 | YP 0855 4505408 B SRM 40 Moderately active > 50
151 | YP 0674 460169.4 A NHJ 12207 Moderately active > 50
152 | YP 0683 460170.4 B NHJ 12079 Moderately active > 50
183 | YP 0714 460175.9B NHJ 12243 Moderately active > 50
154 | YP 0737 460179.4 B NHJ 12071 Moderately active >50
155 | YP 0742 460180.3 B NHJ 11995 Moderately active > 50
156 | YP 0744 460180.9B NHJ 11995 Moderately active >50
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1.3.4 anuanRARAUER A N5 (Anti-cancer)

AN duiuaulasail (A3ef 6 . 9. waz A)

<t a ral ' ' =3 .
A5 7 0. UAANAUYIENLARasRafuTadNsie BC cell line

iadnzFnlEluntveaaude BC, K8 cell line waz NCI- H187 wusatad Winasadulus=gy

No. [Screening code Ferment code Original code Cytotoxicity ED,, (ng/mt)
1 YN 58 441398.3 A NHJ 11343.01 Strongly active 0.20
2 YN 62 441398.4 B NHJ 11343.01 Strongly active 0.38
3 YN 59 441398.4 A NHJ 11343.01 Strongly active 0.60
4 YN 29 4413934 A NHJ 11343.02 Strongly active 0.97
5 YO 0155 450267.11 A CMUE 1841 Strongly active 1.03
6 YN 0031 441393.3 B NHJ 11343.02 Strongly active 1.08
7 YM 0937 441288.3 B B 37 Strongly active 1.09
8 YM 0934 441288.3 A B 37 Strongly active 1.22
9 | YPO149 4601274 A NHJ 12040 Strongly active 1.28
10 | YN1253 450164.11 A PP 1212 Strongly active 1.50
1 | YP779 460186.4 B AL 259 Strongly active 217
12 YN 0032 441393.48B NHJ 11343.02 Strongly active 219
13 | YNB1 441398.3 B NHJ 11343.01 Strongly active 2.22
14 | YNO389 450050.4 A AL 166 Strongly active 267
15 | YN1256 450164.11 B PP 1212 Strongly active 3.20
16 | YM 0938 441288.11 B TB 37 Strongiy active 343
17 | YO 0346 450627.3 B SRS 7 Strongly active 3.52
18 | YM 323 441186.11A SFC 1516 Strongly active 4.31
19 | YN877 450173.3 B NHJ 11538 Moderately Active 5.42
20 | YM 0935 441288.11 A TB 37 Moderately Active 6.20
21 | YM 0936 441288.8 A B 37 Moderately Active 6.37
22 | YM 0614 441234.48B AL 68 Moderately Active 6.50
23 | YM 1055 441308.11 A PRT 83 Moderately Active 6.80
24 | YM 1055 441308.11 A PRT 83 Moderately Active 6.80
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No. |Screening code Ferment code Original code Cytotoxicity ED,, (ng/ml)
25 YP 697 460173.3 A NHJ 12198 Moderately Active 7.01
26 | YM 0939 441288.8 B B 37 Moderately Active 7.89
27 YN 231 450023.8 B PGl 241 Moderately Active 8.26
28 YM 0613 441234.3B AL 68 Moderately Active 8.67
29 YM 511 441217.3B AL 74 Moderately Active 8.68
30 YO 0522 450317.11A CMUE 1961 Moderately Active 8.68
31 YO 522 450317.11A CMUE 1961 Moderately Active 8.68
32 | YO 1326 460002.9A NHJ 11690 Moderately Active 8.98
33 | YM214 4411353 A SS 1042 Moderately Active 9.15
34 | YN319 450038.3 B PGl 396 Moderately Active 9.57
35 YN0O319 450038.3 B PGI 396 Moderately Active 9.57
36 | YNO319 450038.3 B PGl 396 Moderately Active 9.57
37 | YOO0185 45027211 A CMUE 1935 Moderately Active 9.60
38 | YPO0097 460053.3 B NHJ 12103 Moderately Active 9.81
39 | YM 0835 441271.3 B CB 115 Moderately Active 9.98
40 YP 0151 460127.3 B NHJ 12040 Moderately Active 10.08

HANTNARBUNTTNUTANNZITTTA BCA cell 47Uan 4,390 Faathe wudalignbsinmzie BCA

cell 9TU7U 40 F9tN (24 aeug) Anillu 0.91% Teviativiun uazfathTlgnasunzde BCA

o o [} ] X ) L [} -
cell §3 A8 IC,, < 10 pg/ml fH4uau 18 et daulugléaniaielungy Insect fungi 10 Fastng Andhy

>~ ! i g & ' . . - ' . g
25% 19viantanllina positive sednsNnAD @alungu Endophytic fungi 4 faeting, Basidiomycetes 3

et uazsyadnd (Dung fungi) 1 Fating Andhs 10%, 7.5% uaz 2.5% 18dsaetnafiiing positive

° o - y el - o ° o ' X :
NAAL Fetnefilignasiund BCA cell thunaniidman 22 daatie dasnntdanidalungu

Basidiomycetes 9 M1t (22.5%) Uar Insect fungi 8 FMetig (20%) uarsarunldud ¢ nQu

Endophytic fungi 3 fiaeeina (7.5%) Aquatic fungi Uax Wood-decay fungi 88i19aL 1 flaeting (2.5%)
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AN 7 9. : uanqAuVTETRARaNssasiuTadNTiIIAe KB cell line

No. [Screening code Ferment code » Original code Cytotoxicity ED,, (pg/ml)
1 YN 0059 441398.4 A NHJ 11343.01 Strongly active 0.24
2 YN 389 450050.4 A AL 166 Strongly active 0.28
3 YN 0389 450050.4 A AL 166 Strongly active 0.28
4 YN 0029 441393.4 A NHJ 11343.02 Strongly active 0.66
5 YN 29 441393.4 A NHJ 11343.02 Strongly active 0.66
6 | YN528 450073.8 A PP 403 Strongly active 0.70
7 YP 0149 460127.4 A NHJ 12040 Strongly active 0.98
8 YO 600 450330.8A CMUE 1842 Strongly active 1.32
9 YN 525 450072.8 B PGI 431 Strongiy active 1.33
10 | YN 0061 441398.3 B NHJ 11343.01 Strongly active . 1.38
11 | YNOO062 441398.4 B NHJ 11343.01 Strongly active 1.59
12 | YO 0889 450360.3 B SRS 34 Strongly active 1.61
13 | YNO0O28 4413933 A NHJ 11343.02 Strongly active 1.73
14 YM 0937 441288.3 B B8 37 Strongly active 2.08
15 | YO 587 450328.11A CMUE 1418 Strongly active 2.62
16 | YM 938 441288.11B TB 37 Strongly active 2.90
17 | YN508 450070.3 A PGl 424 Strongly active 3.11
18 YM 323 441186.11A SFC 1516 Strongly active 3.26
19 | YO0155 450267.11 A CMUE 1841 Strongly active 4,07

20 | YNS509 450070.11 A PG 424 Strongly active 4.18

21 | YO 0923 450366.4 A HCKUH 1 Strongly active 4.26

22 | YNB77 450173.3B NHJ 11538 Strongly active 4.44

23 | YP 0064 460048.3A | NHJ 12030 Strongly active 4.56

24 | YP689 | 460171.48B AL 31 ~ | Strongly active 4.67
25 | YN555 450077.8 B CMUZE 444 Moderately active 5.04
26 | YN196 450018.3 A PP 498 Moderately active 6.53
27 | YN521 450072.11 A PGI 431 Moderately active 6.55
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No. [Screening code Ferment code Original code Cytotoxicity ED,, (ng/ml)
28 | YO 0924 450366.9 A HCKUH 1 Moderately active 6.95
29 | YN 231 450023.8 B PGI 241 Moderately active 7.92
30 | YO 0922 450366.3 A HCKUH 1 Moderately active 8.61
31 | YL 1504 441178.3 A CcB8 Moderately active 8.99
32 | YM 1130 441320.11 B TB 1828 Moderately active 9.11
33 | YO 0894 450361.9 A HCKU 934 Moderately active 9.30
34 | YN199 450018.3 B PP 498 Moderately active 9.44
35 | YM 0935 441288.11 A TB 37 Moderately active 9.45

HANTINARDUMIFIUTARNZITIAD KB cell 149u 4,207 faatine wuda Hgnbsinnzde KB cell

v 1 - -
U 35 AatiN (24 aeug) Andiu 0.83% 1adhataianun uasfitatnaRfignisinunmsa KB cell ga

-l o o y v 3 ' . ‘o o ' -
(ED4, < 5 pug/ml) {499 24 satin MHarnielungy insect fungi ihdanlugjanunu 13 dirating Amdy

37.14% v IUBLNNIING positive savaanliud $INgu Endophytic fungi (4 Faetin)

Basidiomycete war Wood-decay fungi atinear 2 Mntie uas :yadnd (Dung fungi) uas Seed fungi 8in

2t e 1 faeen dausnednanlignadiunnda KB cell luszdunensfidmunu 11 daeting Gawuduiy

s1lungu Insect fungi, Basidiomycete War Wood-decay fungi atiwas 3 faatn Aadly 8.57% 184

AMUFIEIR I NG positive uaziﬂqmmﬁmﬂumﬁu Endophytic fungi Way Seed fungi 8natneas 1 60
a8 (2.86%)

< - | - ' < o
ATN 7 A uamqawvitnndnanssiafugsdnziaAe NCI-H187

No. |Screening code Ferment code Original code Cytotoxicity ED,, (pg/mi)
1 YK 662 44566.11 B SFC 842 Strongly active 0.09
2 YL 764 44986.11 B SFC 827 Strongly active 0.28
3 YL 751 44983.3 B SFC 676 Strongly active 0.50
4 YK 1491 4495298 AL 251 Strongly active 0.65
5 YL 1211 44104111 A PP8 Strongly active 0.70
6 YL 0049 44884.3 B PP 732 Strongly active 0.80
7 YL 0752 44983.11 B SFC 676 Strongly active 0.84
8 YK 1304 44854.11 B PP 87 Strongly active 0.85
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No. [Screening code Ferment code Original code Cytotoxicity EDg, (ng/mt)
9 YL 831 449979 B AL 103 Strongly active 0.91
10 YL 0698 44974.4 B AL 237 Strongly active 0.95
11 YK 1482 449518 A PRT 51 Strongly active 0.96
12 | YO 0328 450624.3 B NHJ 11574 Strongly active 1.00
13 YL 01126 4410273 A PP 646 Strongly active 1.04
14 YL 0736 44981.3 A AL 98 Strongly active 1.27
15 YN 1171 450150.3 B CMUZE 387 Strongly active 1.35
16 YL 0697 449743 B AL 237 Strongly active 1.40
17 YL 743 44982.11 A GL 265 Strongly active 1.46
18 YK 962 44799.11 B PP 133 Strongly active 1.47
19 YK 1087 44818.3 B AL 25 Strongly active 1.52
20 | YN 0951 450185.8 B CMUE 1405 Strongly active 1.57
21 YL 0830 449974 B AL 103 Strongly active 1.63
22 YL 1389 441158.8B CB 83 Strongly active 1.69
23 | YLO0824 44996.4 B AL 116 Strongly active 1.92
24 YP 0098 460053.4 B NHJ 12103 Strongly active 1.92
25 YL 0231 4491488 PP 864 Strongly active 2.12
26 | YO 0336 450625.9 B NHJ 11471 Strongly active 2.23
27 | YP 0689 460171.4B AL 31 Strongly active 225
28 | YN 1003 450194.3 B SRS 69 Strongly active 229
29 YP 0151 460127.3B NHJ 12040 Strongly active 2.30
30 | YL0686 449724 B AL 231 Strongly active 242
31 YL 0302 44926.11 8B PP 636 Strongly active 2.50
32 | YK 1084 448183 A AL 25 Strongly active 2.54
34 | YL0294 449258 A PP 789 Strongly active 279
35 [ YL73 44888.3 B AL 78 Strongly active 297
36 YL 0882 441069.8 A CBSS 16-4 Strongly active 3.01
37 | YLO733 44980.3 B AL 228 Strongly active 3.02
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No. |[Screening code Ferment code Original code Cytotoxicity ED,, (ug/ml)
38 YP 0097 460053.3 8 NHJ 12103 Strongly active 3.16
39 YL 0763 44086.3 B8 SFC 827 Strongly active 3.16
40 YL 1363 4411543 B CB 60 Strongly active 3.25
41 YL 1267 441050.3 B SS 756 Strongly active 3.36
42 YK 1367 44932.11 A CBSS 1-3 Strongly active 3.39
43 YL 0226 449143 A PP 864 Strongly active 3.39
44 YK 961 44799.3 B PP 133 Strongly active 3.43
45 YN 0877 450173.3 B NHJ 11538 Strongly active 3.58
46 YL 0530 446144 B AL 142 Strongly active 3.68
47 YL 01214 441041118 PP 8 Strongly active 3.78
48 YK 1129 44825.3 B PP 26 Strongly active 3.78
49 | YL 1515 441179.8 B CB 80 Strongly active 3.89
50 | YN 0867 450171.88B PGl 731 Strongly active 3.96
51 YL 01285 441053.3 B PP 641 Strongly active 3.68
52 | YL340 441003.3 A SS 1184 Strongly active 4.00
53 YN 1033 450199.3 8 SRS 70 Strongly active 4.18
54 YK 1488 449529 A AL 251 Strongly active 473
55 YN 1091 45013711 A PGl 358 Strongly active 4.87
56 YK 1505 44871.4 A AL 116.2 Strongly active 4.96
57 YL 0527 44614.4 A AL 142 Moderately active 5.14
58 YN 1068 450133.9 A NHJ 11660 Moderately active 5.16
59 YL 738 449819 A AL 98 Moderately active 5.17
60 YL 704 4497511 B PP 1178 Moderately active 5.28
61 YN 0806 450119.11B PP 1220 Moderately active 5.53
63 YN 0947 450185.11 A CMUE 1405 Moderately active 5.63
64 | YO 0334 450625.3 B NHJ 11471 Moderately active 5.97
65 YL 0814 44995.3 A PP 314 Moderately active 5.97
66 | YLOO64 44887.3 A PP 650 Moderately active 5.98
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No. [Screening code Ferment code Original code Cytotoxicity ED,, (ng/ml)
67 YN 1069 4501333 B NHJ 11660 Moderately active 5.99
68 YN 0918 4501808 A PP 411 Moderately active 6.12
69 YL 1504 4411783 A cB8 Moderately active 6.14
70 YK 1301 4485411 A PP 87 Moderately active 6.20
71 YL 968 441083.11 8B CBSS 16-10 Moderately active 6.21
72 YL 1532 441182.11 B CB121 ' Moderately active 6.22
73 YP 0697 460173.3 A NHJ 12198 Moderately active 6.39
74 YL 821 44996.4 A AL 116 Moderately active 6.74
75 | YNO0975 450189.8 B PGI 703 Moderately active 6.93
76 YL 01226 441043.11 B PP 330 Moderately active 6.93
77 YK 1259 448474 A AL 261 Moderately active 7.01
78 | YN 0890 450175.11 8 PP 682 Moderately active 7.16
79 YP 0152 460127.4 B NHJ 12040 Moderately active 7.37
80 YL 0107 44894.11 A CB 104 Moderately active 7.85
81 | YNO0973 450189.3B PGI 703 Moderately active 7.88
82 YL98 44892118 PP 780 Moderately active 8.15
83 YL0044 44883.11 B PP 609 Moderately active 8.29
84 | YL 980 441085.11 B CBSS 1-4 Moderately active 8.50
85 YL 0656 44967.3 A PP 1240 Moderately active 8.65
86 | YL 1405 441161.38B PP 614 Moderately active 8.99
87 | YN 1007 450195.11 A  {CMUE 1322 Moderately active 9.91
Note: Strongly Active = <5 po/mi
Moderately Active = 510  pg/ml
Weakly Active = 10-20 pg/mi
Inactive = | >20 pa/mi

oLy <
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No.

Screening code Ferment code Original code Evaluation IC,(ng/ml)
41 YO 1076 450391.11 8 SRS 31 Moderately active 17.85
42 YO 0093 450256.8 B CMUZE 384 Moderately active 17.94
43 YM 0165 441126.8 B PP 501 Moderately active 18.59
44 YN1426 450223.3A CMUE 1731 Moderately active 18.62
45 YM 0737 44125511 A PP 603 Moderately active 18.86
46 YM 0319 441185.3B PP 500 Moderately active 19.49
47 YO 0062 450251.11 B CMUBE 838 Moderately active 19.62
48 YN1276 450168.3 A CMUZE 401 Moderately active 19.86
49 YO 0540 450320.18A SS 993 Moderately active 19.92
50 YM 0937 441288.3 B TB 37 Moderately active 19.99

Note: Strongly Active = <5 pg/ml Moderately Active = 5-20 pg/mi
Weakly Active = 20-50 pg/mi  Inactive = >50 pg/ml
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No. Ferment code Original code Positive test Activity (pg/ml )
1 1449258 A PP 789 Anti-NCI-H187 ED,,= 2.79

2 |441288.118B T8 37 Anti-KB ED,, = 2.896

3 4130811 A PRT 83 Anti-BCA ED,,= 6.8

4 144086.3B SFC 827 Anti-NCI-H187 ED,,= 3.16

5 44983.11 B SFC 676 Anti-NCI-H187 ED,,= 0.84

6 [4491488B PP 864 Anti-NCI-H187 ED,,= 2.12

7 41325.18 A SS 393 Anti-HSV -1 IC,,= 46.3 ,cytotoxicity > 50
8 |441190.3 A CB 18 Anti-Malaria IC,, =17.40

9 441060.11 A CB 54 Anti-TB MIC = 50

10 H413443 A SFC 1559 Anti-TB MIC = 25

11 PB41375.11 A PGI 537 Anti-TB MIC = 50

12 448748 A CBSS 1-2 Anti-HSV -1 IC,, > 50

13 WY48733A ALS Anti-HSV -1 IC,, > 50

14 44113511 A SS 1042 Anti-Fungal IC,,=15.66

15 1449813 A AL 98 Anti-NCI-H187 ED,, = 1.27

16 4614.4B AL 142 Anti-NCI-H187 ED,, = 3.68

17 |44974.48B AL 237 Anti-NCI-H187 ED,,=0.95
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No. Ferment code Original code Positive test Activity (pg/ml )
18 144593.11 A S5 876 Anti-HSV -1 IC,, = 16.16, cytotoxicity >50
19 44126138 PP 323 Anti-Fungal 1C,, = 16.41
20 [44852.11 8B PP 326 Anti-HSV -1 IC,, > 50
21 1441332.3B SFC 1532 Anti-Malaria IC,, =0.5
22 W4167.3A SFC 739 Anti-NCI-H187 ED,, = 6.63
23 1449283 A CB 55 Anti-HSV -1 IC,, > 50
24 1450029.11 A PGI 110 Anti-TB MIC = 50
25 1450119.11 B PP 1220 Anti-NCI-H187 ED,, = 5.532
26 |450002.11 B CMUBE 1803 Anti-TB MIC = 50
27 441146.118B SS 973 Anti-Fungal ICq, = 15.51
28 4413984 A NHJ 11343.01 Anti-KB ED,, = 0.238
29 {4413934 A NHJ 11343.02 | Anti-KB ED,, = 0.656
30 441311.8B PRT 02 Anti-Fungal IC,, = 5.4
31  [441393.38B NHJ 11343.02 | Anti-BCA ED,, = 1.077
32 448184 A AL 25 Anti-HSV -1 IC,, > 50
33 1450062.4 A NHJ 11253 Anti-TB MIC = 50
34 [450050.3 A Al 116 Anti-TB MIC = 0.78
35 14413984 A NHJ 11343.01 Anti-KB ED,, = 0.238
36 144180.11 A SF 181 Anti-HSV -1 IC,, = 42.71 , cytotoxicity >50
37 |441269.3B NHJ 11290 Anti-Fungal EC,, = 16.93
38 441027.3B PP 646 Anti-TB MIC = 25
39 U444114A NHJ 10681.01 Anti-NCI-H187 ED,, = 4.41
40 144840.18B SS 888 Anti-HSV -1 IC, > 50
41 449313 A CBSS 15-6 Anti-HSV -1 IC,, > 50
42 144780.3 B PP 309 Anti-NCI-H187 ED,, =5.48
43 |450073.8 A PP 403 Anti-KB ED,, =0.7
44 450180.8 A PP 411 Anti-NCI-H187 ED,, =6.121
Anti-Fungal ED,, = 19.86
45 450168.3 A CMUZE 401
Anti-TB MIC = 50
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No. Ferment code Original code Positive test Activity (pg/ml )
46  1450185.11 A CMUE 1405 Anti-NCI-H187 ED,, =5.626
47  450153.11 A CMUZE 447 Anti-TB MIC = 25
48 144356.3 B AL 39 Anti-HSV-1 ED,, =6.16, cytotoxicity > 50
49 144094.3B NHJ 10856 Anti-HSV-1 ED,, = 14.07, cytotoxicity > 50
50 450176.11 A SRS 10 Anti-TB MIC = 25
51 14500183 A PP 498 Anti-KB - ED,, = 6.53
52 144967.3 A PP 1240 Anti-NCI-H187 ED,, =8.649
53 |450164.11 A PP 1212 Anti-BCA ED,, = 1.501
Anti-KB ED,, = 4.074
54  1450267.11 A CMUE 1841
Anti-BCA ED,, = 1.031
55 |450195.11 A CMUE 1322 Anti-NCI-H187 ED,, =9.906
56 |441004.3 A PP 777 Anti-HSV -1 Moderately active, cytotoxicity>50
57 |450133.9A NHJ 11660 Anti-Malaria ED., =5.3
58 |450272.11 A CMUE 1935 Anti-BCA ED,, = 9.604
59 [44888.4°A AL 078 Anti-HSV -1 ED,, = 29.884, cytotoxicity >50
60 (450107.3A NHJ 11268.01 Anti-TB MIC = 25
61 |460037.3 A CMUEQ 1751 Anti-TB MIC = 6.3
Anti-Malaria ED,, = 0.6
62 4601274 A NHJ 12040 Anti-KB ED,, = 1.0
Anti-BCA ED,,=1.3
63 4600113 A NHJ 11953.04 | Anti-Malaria ED,, =7.7
64 443473 B SFC 685 Anti-NCI-H187 ED,, =2.51
65 |44892.11B PP 780 Anti-NCI-H187 ED,, =8.153
66 450618.4B NHJ 11489 Anti-HSV -1 Moderately active, cytotoxicity>50
67 1450072.88 PGI 431 Anti-KB ED,, = 1.331
68 1450199.38B SRS 70 Anti-NCI-H187 ED,, =4.18
69 450038.3 B PGI 396 Anti-BCA ED,, = 9.568
70 450171.8B PGI 731 Anti-NCI-H187 ED,, = 3.958
71 50221.11 8B SRS 14 Anti-TB MIC = 25
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No. | Ferment code Original code Positive test Activity (pg/ml )
72  AbB0233.3A SRS 72 Anti-TB MIC = 3.1
73 1460002.9 A NHJ 11690 At Hialars FOw 774
Anti-BCA ED,, = 9.0
74 }450624.3 B NHJ 11574 Anti-NCI-H187 ED,, = 0.998
75 144910.8 B, CB 53 Anti-HSV -1 Moderately active, cytotoxicity>50
76 1450025.11 B PGI 350 Anti-Malaria " ED,, = 6.1
77 44115888 CB 83 Anti-NCI-H187 ED,, = 1.689
78 1450146.3B NHJ 11619 Anti-Fungat IC,, = 13.6
79 441050.3B SS 756 Anti-NCI-H187 ED,, = 3.359
80 441154.38B CB 60 Anti-NCI-H187 ED,, = 3.252
81 1450239.8 B SRS 35 Anti-Malaria ED,, = 5.7
82 1450338.3 A PP 426 Anti-TB MIC = 12.5
83 1460034.11 A CMUEO 1722 Anti-TB MIC = 25
84 144986.11 B SFC 827 Anti-NCI-H187 ED,, = 0.276
85 450117.3B CMUE 1770 Anti-TB MIC = 25
86 |441267.11 A CcB 112 Anti-TB MIC = 12.5
87 144066.3 B SS719 Anti-HSV -1 ED,, = 7.54 , cytotoxicity 17.92
88 |44894.11 A CB 104 Anti-NCI-H187 ED,, =7.85
89 {44584.3 B SFC 34 Anti-HSV -1 Moderately active , cytotoxicity > 50
90 44584.118 SFC 34 Anti-Fungal IC,, = 10.29
91 412793 A PGI 511 Anti-TB MIC =0.78
92 44795.11B PP 92 Anti-HSV -1 Moderately active , cytotoxicity > 50
93 |4780.8B PP 309 Anti-HSV -1 Moderately active , cytotoxicity > 50
94 441133.11A PRT 27 Anti-Fungal IC,, = 12.61
95 14411263 A PP 501 Anti-Fungal ICs, = 9.3
96 M41069.8 A - CBSS 16-4 Anti-NCI-H187 ED,, =3.01
97 14479411 A PP 43 Anti-HSV -1 ED,, = 38.23 , cytotoxicity >50
98 l441185.11 A PP 500 Anti;FungaI IC,,=14.82
99 14127138 CB 115 Anti-BCA ED,, = 9.98
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No. Ferment code Original code Positive test Activity (Lg/ml )
100 4479188 PP 1013 Anti-Fungal IC,,=12.13
101 1441320.11 B T8 182B Anti-KB ED,, =9.108
102 14482538 PP 26 Anti-NCI-H187 ED,, = 3.78
Anti-TB MIC = 1.56
103 444353 8B SFC 598 v
Anti-Fungal IC,, = 7.06
104 [44930.3A PP 53 Anti-Fungal "IC,, = 13.83
Anti-Malaria ED,,= 5.50
105 14482711 A PP 49
Anti-BCA ED,,= 3.44
106 (4482111 A PP 513 Anti-Fungal IC,,= 12.55
107 [44936.118B PP 94 Anti-Fungal IC,,= 11.66
108 [4799.11 A PP 133 Anti-BCA ED,,= 4.65
109 [42483.3A NHJ 1450.11 Anti-NCI-H 187 ED,,= 1.45
110 [P4169.3A SF 193 Anti-NCI-H 187 ED,,= 9.307
111 [448253 A PP 26 Anti-Fungal IC,,= 5.22
112 P41041.11A PP 8 Anti-Malaria ED,,= 5.5
113 {47983 A PP 131 Anti-T8 MIC = 3.125
114 P4779.11B PP 1245 Anti-Fungal IC,,= 13.44
115 [441066.3 A PRT 47 - | Anti-Malaria ED,,= 9.6
116 {42560.3 A NHJ 2491 Anti-NCI-H 187 ED,,= 2.54
117 [44804.3 A PP 743 Anti-Fungal IC,,= 18.27
118 [4831.3A PP 543 Anti-Fungal ICs,=8.19
119 {4112.3B SF 170 Anti-NCI-H 187 ED,,= 2.248
120 [2521.38B NHJ 1895 Anti-NCI-H 187 ED.,= 0.04
121 [@4196.11A SFC 594 Anti-NCI-H 187 ED,,= 5.682
122 444293 B SFC 846 Anti-TB MIC = 3.125
123 1$4109.11A SF 144 Anti-NCI-H 187 ED.,= 7.475
124 1010889 A NHJ 1894 Anti-HSV -1 IC;,= 2.87, cytotoxicity 18.74
105 [|44798.3B PP 99 Anti-TB MIC = 0.19
126 {41030.11 A L49-Tr2 Anti-HSV -1 ICg,= 2.39, cytotoxicity 15.07
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No. Ferment code {Original code Positive test Activity (1g/ml )
127 448543 A PP 87 Ahti-Malaria ED.,= 9.6
Anti-Malaria ED,,= 5.2
128 1449953 A PP 314 Anti-TB MIC =12.5
Anti-BCA ED,,= 4.611
129 144585.11 A §S722.1 Anti-Fungal IC,,= 7.88
130 [44345.8A SFC 650 Anti-NCI-H187 - ED,,=6.34
131 H4578.4A NHJ 10963 Anti-Fungal IC,,= 15.82
132 |4310224 A NHJ 10409 Anti-NCI-H187 ED,,= 0.546
133 }42527.11 A PR 26-1 Anti-NCI-H187 ED,,= 6.05
134 H3921.4 A NHJ 6723 Anti-NCI-H187 ED, = 2.698
135 [44541.8B PP 1158 Anti-T8 MIC = 6.25
136 |42493.38 SFC 511 Anti-NCI-H187 ED,,= 0.66
137 449803 B AL 228 Anti-Malaria ED,,= 1.6
138 (42524.11B MPA 7-2 Anti-NCI-H187 ED,,= 4.21
139 {4972.48 Al 231 Anti-Malaria ED,= 6.7
140 {44123 A NHJ 10998.1 Anti-BCA ED.,= 4.25
' Anti-Malaria ED,= 2.8
141 49529 A AL 251
Anti-BCA ED,,= 0.92
142 49373 A PP 662 Anti-Malaria ED.,= 7.60
143 {41673 A SFC 739 Anti-NCI-H187 ED,,= 6.63
144 4484511 A PP 1115 * Anti-Fungal IC,,= 10.68
145 (484111 A S5 833 Anti-Fungal ICy,= 18.36
146 {48353 A AL 230 Anti-Malaria ED,,= 4.6
147 144193.11B SF 142 Anti-NCI-H187 ED,,= 0.38
Anti-TB MIC = 0.39
148 431227.38B PP 242 Anti-NCI-H187 ED, = 1.1
Anti-HSV-1 IC,,= 5.2
149 [44199.11B SF 197 Anti-NCI-H187 ED, = 7.64
150 {4192.3B SF 185 Anti-TB MIC = 6.25
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No. Ferment code Original code Positive test Activity (tg/ml )
151 14462511 B PP 1159 Anti-Malaria ED,,= 6.40

152 144216.11 B SF 191 ANti-NCI-H187 ED,,= 0.33

163 (44563.8 B SFC 647 Anti-Fungal 1Cs,= 10.63

154 44558.3 B SFC 660 Anti-Fungal IC,,= 10.02

155 144569.9 B NHJ. 11100 Anti-Fungal IC,,= 10.67

156 [44824.118B PP 51 Anti-Fungal - JIC,=10.32

157 (4425411 A SF 205 Anti-NCI-H187 ED,,= 2.45

158 {44216.11 A SF 191 Anti-HSV-1 [IC5, =16.00 , cytotoxicity > 50
159 {44590.11 B PP 557 Anti-NCI-H 187 ED,,= 2.36

160 (A4223.3A SF 204 Anti-NCI-H187 ED,,= 0.97

161 [44953.3 A CB 19 Anti-TB MIC = 25

162 }441023.3B PP 629 Anti-Malaria ED,,= 12.8

163 144926.118B PP 636 Anti-T8 MIC =12.5

164 [42504.11 B SFC 285 Anti-NCI-H187 ED,,= 1.50

165 [44565.8 B SFC 649 Anti-Fungal IC,= 17.06

166 (44186.3 B SF 198 Anti-NCI-H187 ED,,=6.28

167 {44581.11B SFC 768 Anti-Fungal ICgo=11.42

168 {4551.3B PP 1224 Anti-BCA ED,,= 6.10

169 144784.18 B SS 841 Anti-Fungal IC,,=9.27

170 {42468.11 B PR 42-1 Anti-NCI-H187 ED, = 8.755

171 WB4215.11 A SFC 818 Anti-HSV-1 IC,, =34.7 , cytotoxicity > 50
170 1448473 B AL 261 Anti-NCI-H187 ED,,= 0.93

173 $4233.3B SF 212 Anti-HSV-1 IC,, = 37.74 , cytotoxicity > 50
174 |42178 B SF 195 Anti-HSV-1 IC,, =12.5 , cytotoxicity > 50
175 1449964 B AL 116 Anti-Malaria ED,,= 4.2

176 144560.8 8B SFC 610 Anti-Fungal IC,,= 10.39

177 144893.8B PP 96 Anti-Malaria ED,,= 17.5

178 {44584.118B SFC 34 Anti-Fungal IC,,= 10.29

179 |42561.48B NHJ 1370.01 Anti-NCI-H187 ED,,=2.1795
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No. |Ferment code Original code Positive test Activity (f1g/ml )

180 [44785.3 B SS 747 Anti-BCA ED,,= 5.6

181 4411283 A PP 324 Anti-TB MIC = 25

182 (449823 A GL 265 Anti-Fungal IC.,= 16.02

183 44781.8 A PP 1099 Anti-NCI-H187 ED,,=2.36

184 (31246.3 A SS 718 Anti-NCI-H187 ED,,= 3.65

185 [44576.3 A NHJ 10998.04 Anti-NCI-H187 ED = 3.57

186 [44354.4 A NHJ 10979 Anti-HSV-1 IC,, = 6.16 , cytotoxicity > 50

187 444203 A AL 048 Anti-NCI-H187 ED,,= 2.20

188 |41178.3 A cB8 Anti-Malaria ED,,= 7.00

189 (41469.8 A RPF 9613 Anti-HSV-1 Moderately active cytotoxicity > 50

190 {41649B NHJ 10684 Anti-HSV-1 Moderately active cytotoxicity > 51

191 }41249.4. B NHJ 6101 Anti-HSV-1 IC,,=21.63 , cytotoxicity > 50

192 4411373 A PP 333 Anti-T8 MIC =12.5

193 144970.11 A PP 1114 Anti-TB MIC = 25

194 [44583.11 A SFC 619 Anti-NCI-H187 ED,,= 5.21

195 W1315.4A NHJ 3957 Anti-HSV-1 IC,,= 22.28 , cytotoxicity > 50

196 411383 A SS 1042 Anti-BCA ED,,=9.15

197 1445923 A PP 1232 Anti-Fungal IC,,= 14.49

108 [44361.88B SFC 701 Anti-HSV-1 Moderately active,cytotoxicity > 50
Anti-Malaria ED,,= 0.60

199 144986.11 8B ISFC 827
Anti-BCA ED,,= 1.13

200 {44566.11B SFC 842 Anti-NCI-H187 ED,,= 0.09

201 {44799.11 B PP 133 Anti-NCI-H187 ED, = 1.47

202 [42430.3B SFC 144 Anti-NCI-H187 ED,,= 2.197

203 [44997.98B AL 103 Anti-KB ED,,= 2.386

204 [42527.38 PR 26-1 Anti-NCI-H187 ED,,= 4.23

205 |441288.8 A 1B 37 Anti-Malaria ED.,= 5.40

206 44822.8B PP 451 Anti-Fungal IC,,= 11.38
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No. Ferment code Original code Positive test Activity (pg/ml )
207 H441186.11 A SFC 1516 Anti-Malaria ED.,= 0.75
Anti-KB ED,,= 3.26
Anti-BCA ED,,= 4.31
208 1444253 A AL 46
Anti-HSV-1 IC.,= 49.09 cytotoxicity > 50
209 [441217.3B AL 74 Anti-BCA ED,,= 8.68
210 141227.4B AL 270 Anti-TB MIC = 6.3
211 44888.3B AL 78 Anti-Malaria ED,,= 4.5
Anti-KB ED,,=3.7
Anti-BCA ED,,= 1.18
212 1448183 8B AL 25 Anti-NCI-H187 ED,,= 2.97
Anti-NCL-H187 ED,,= 1.52
213 (4484011 A SS 888 Anti-Fungal IC,,= 14.46
214 ¥411123A PRT 59 Anti-Fungal at 15.7 IC,= 15.7
215 [44951.8 A PRT 51 Anti-NCI-H187at 0.96 [ED. = 0.96
216 (448428 A PP 129 Anti-Fungal IC,,= 12.68
217 [41035.11 A SS 429 Anti-HSV-1 IC,,= 4.85
215 [44883.11 8 PP 609 Anti-NCI-H187 ED,,= 8.29
219 44884.3B PP 732 Anti-NCI-H187 ED,,= 0.8
200 [441279.3B PGl 511 Anti-TB MIC = 6.25
201 W4577.11A SS 712 Anti-HSV-1 Moderately active;cytotoxicity>50
203 44127411 A SFC 1552 Anti-TB MiC= 25
204 |441288.11B | TB37 Anti-Malaria ED,,=5.5
225 1445553 A SS 771 Anti-HSV-1 Moderately active ,cytotoxicity > 50
206 [44566.8 A SFC 842 Anti-NCL-H187 ED,,= 5.61
207 [44243.3B NHJ 10665 Anti-NCL-H187 ED,,= 3.79
208 [44430.3B SFC 730 Anti-HSV-1 Moderately active,cytotoxicity > 50
209 44371.3B AL 38 Anti-HSV-1 IC ;, =19.24 ; cytotoxicity >50
230 W4871.4A AL 116.02 Anti-NCI-H187 ED,,= 4.96
231 K12123A 100C-tr3 Anti-HSV-1 IC,,= 2.97, cytotoxicity > 50
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No. Ferment code Original code Positive test Activity {ug/ml )
232 [441098.3 A BL9 Anti-NCI-H187 ED,,= 2.67

233 144932.11 A CBSS 1-3 Anti-NCI-H187 ED,,= 3.39

034 1449143 A PP 864 Anti-NCI-H187 ED,,= 3.39

235 144129511 A 7B 191-2B Anti-TB MIC = 50

236 1441053.3B PP 641 Anti-NCI-H187 ED,,= 3.98

237 1441251118 CB 130 Anti-TB MIC= 50
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No. [Original code Sciencetific Name Positive activity ( unit = plg/mt)

(primary) Anti-TB at 3.12

1 |SF 184 Unidentified Sand Fungi | (@) (cell) Anti-TB at6.25

(broth) Anti-TB at 3.12

(primary) Anti-malaria at 1.73

(2") Anti-malaria at 13.5

2 INP20 Unidentified Coelomycete Fur

(cell) Anti-KB at 9.95 + Anti-BCA at 2.06

(broth) Anti-KB at 5.3 + Anti-BCA at 2.03

(primary) Anti-malaria at 1.1
3 ISFC635

Unidentified Seed Fungi - -
(2™) (cell) Anti-malaria at 6.32

4 |RPF 9753 Phomopsis sp. Anti-malaria at 2.7

(primary) Anti-malaria at 10

5 L49-Tr2 Anti-HSV-1 active (7.26) cytotoxicity > 50

Unidentified Lichen fungi

(2™ (broth) Anti-malaria at 12
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No.

Original code

Sciencetific Name

Positive activity ( unit = pg/ml )

NHJ 10356

Beauveria sp.

(primary) Anti-malaria at 3.68

(2" (Dbroth ) Anti-malaria at 6.6

(cell ) Anti-malaria at 6.22

SFC 181

Stachybotrys nephrospora

(primary) Anti-malaria at 5.3

(2™) Anti-HSV at 5-10

SFC 544

Menisporopsis theobromae

(primary) Anti-malaria at10.4

(2™) (broth) Anti-malaria at 3.7

(cell) Anti-malaria at 1.9

SFC 643

Cyathus sp.

(primary) Anti-NCI-H187 at 6.56

(2™) (oroth) Anti-NCI-H187 2t 0.94

(cell) Anti-NIL-H187 at 0.78

10

RN 347

Cordyceps militaris

(primary) Anti-malaria at 7.48, Anti-NCL-H187 at 1.25

(2™ (broth) Anti-NCL-H187 at 4.52

(cell) Anti-NCL-H187 at 16.37

11

RN 333

Cordyceps millitaris

(primary) Anti-malaria at 2.8 + Anti-BCA at 0.65

at 200+Anti-NCL-H187 at 6.3

—

(2"“) (broth) Anti-malaria at 12 + Anti-BCA at 7.9+Anti-78

Anti-NCI-H187 at 10

(cell) Anti-malaria at 16 + Anti-BCAat 13 + Anti-TB at 50 +

12

GL 1080

Xylaria sp.

(primary) Anti-Fungal at 6.48

(2™) (broth) Anti-Fungal at 15.55

(cell) Anti-Fungal at 31.77

13

PP 314

Unidentified Endophytic fung

(primary) Anti-malaria at 5.2 + Anti-BCA at 4.6

Anti-TB at MIC 12.5

14

GL 1275

Diapathe sp.

(primary) Anti-KB at 0.66 + Anti-BCA at 2.4

15

NHJ 4710

Cordyceps sp.

| NMR profile (maybe new compound)

16

NHJ 4098

Cordyceps sp.

NMR profite (maybe new compound)
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No.

Original code

Sciencetific Name

Positive activity ( unit = pg/mt )

17 |SFC 598 Trichotrichum sp. Anti-TB at MIC 1.56 + Anti-fungal at M 7.06
18 |NHJ 2306 Cordyceps sp. NMR profile (maybe new compound)
{primary) Anti-malaria at 0.95
19 iNHJ 7931 Poronia gigantea 2" (broth) Anti-malaria at inactive
(cell) Anti-mataria at 1.7
{primary) ' Anti-TB at 3.1
20 |SF 174 Pestaliopsis sp. (2™) (broth) Anti-TB at 0.78
{cell) Anti-TB at6.25
(primary) Anti-malaria at 7.9
21 |SF 187 Penicillium sp. (2" (broth) Anti-malaria at 2.1
(cell) Anti-malaria at 4.9
| (primary) Anti-KB at 6.94 + Anti-BCA at 9.27
22 INHJ 10749 |Torrubiella sp. (2") (broth) Anti-KB at 3.15+ Anti-BCA at 3.45
(cell) Anti-KB at 9.75 +Anti-BCA at 6.85
23 |NHJ 5340 Hirsutella sp.01 on cricket Anti-TB (no data)
24 INHJ 6739 Beauveria sp. Anti-Malaria ED,, at 23
(primary) Anti-TB MIC at 12.5
25 |GL 7322 Massarina sp. (2") (broth) Anti-TB MIC at 0.097
(cell) Anti-TB MIC at 0.195
(primary) Anti-Malaria ED,, at 3.0
26 |NP 18 Unidentified Coelomycete (2™ (oroth) Anti-MalariaED, at 0.31
(cell) Anti-Malaria ED,, at 0.36
(primary) Anti-Malaria at ED,, 15.25
27 {NHJ 2108 Discomycete on wood cream
' (2") Anti-Malaria at ED,, 9.89
28 16808 Tr1 M icrosphaeropsis sp. (primary) Anti-Fungal at IC,; 5.7
29 |SFC 739 Cylindocladium sp. (primary) Anti-NCI-H187 at ED,6.63
30 [NHJ 6739 Beauveria sp. Anti-Malaria ED, at 23
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No. |Original code Sciencetific Name Positive activity ( unit = pg/ml ) ]
31 |SF 144 Pennicillium sp. Anti-NCI-H187 at ED,, 7.475
S Kionochaeta spissa (2™ Anti-Malaria (broth) inactive
(cell) at EC,, 0.5
33 |SFC 284 Kionochaeta spissa \fin Condition in MEB mediumingihifing 1% uax 2% Screen
34 PP 1099 Unidentified Basidiomycete |(primary) Anti-NCI-H187 at EC,, 2.36
(primary) Anti-TB at MIC 6.25
35 |SFC 504 Menisporopsis theobromae (2™) Anti-TB (broth) at MIC 0.8
(cell) at MIC 0.1
36 |NHJ 8056NT8 [Unidentifeid Insect Fungi | (2") Anti-Malaria at 2.7 + Anti-KB at 7.9 + Anti-BCA at5s.1
W Condition in YES medium Tae/lsifig 1 uay 2
37 |NHJ 8056NT8 |Unidentifeid Insect Fungi
Screening
38 {X 1456 Xylaria sp. Anti-KB at 2.50
(primary) Anti-KB at 6.94 + Anti-BCA at 9.27
39 N 10749 Torrubiella sp. (2™) (cell) Anti-KB at 9.75 + Anti-BCA at 6.85
(broth) Anti-KB at 3.15 +Anti-BCA at 3.45
40 |N 4098 Cordyceps sp. NMR prcfile (maybe new compound)
(primary ) Anti-TB at MIC 3.125
41 |PP 131 Hypocrea pezzizoides (2") Anti-TB (cell ) at MIC 0.0015
Anti-TB (broth) at MIC 0.0487
42 [NHJ 3497 /Akanthomyces sp. ﬁqwﬁrﬁuz'”fwnaf{uum
Anti-Malaria at 6.7 (in medium MM with 20 mM
43 INHJ 6073 Paecilomyces tenuipes
L-Tylosine )
44 [NHJ 5968 [Aschersonia tamurai ﬁqw‘éﬁué«maﬁunm
45 |NHJ 7932 Hirsutella nivea (2™) Anti-Malaria at 2.2 + Anti-KB at 7.2
46 |NHJ 4740 Cordyceps sp. NMR profile (maybe new compound)
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Bemdnuan 1,525 @A AINTINgNsne M 12 ngu Wgnidedluamevanesiia uansisaiudie
dasindaesininaraneduriduasihinasaugrinisianmiidwauiodu 5,688 fratne

Famduny 36 aeWug tun1ImaaaLYn assays LAsTETA M 85 auRugH UM IMARD LAt oy 3
assays Mutémﬁmquﬁm%‘ﬂlé\’dmmsmmaﬂqu"ﬁ'ﬂﬂfmﬁﬂﬂ 138nnasy
HANTNARBUNNTATNANTFUINAFewLdnTifaatin g positive 1.21% 1895atinevamun WALt
ﬁlﬁqw‘éﬁaﬁ"\ummGﬂlui:ﬁuﬁmau'l@mu'luq,j'lﬁ'a'mt%ﬂ'luna:u Insect fungi
uanIvARsUNNIAFNauTulsAanLdRsaeth e positive 3.97% 18ednatinevaa WATFIRtinag
'lﬁqw‘ﬁfviﬂﬁ'mq"m??ﬂ'lm:ﬁuﬁmau’lﬁmu'luq,j"lﬁ'a'lm%ﬂlunﬁu Endophytic fungi uaY insect pathogenic
fungi

HANITNARDUNITATNAIFI HSV-1 nudnifaetnaliina positive 6.65% 18FRER LA UATFIatingg
'lﬁqw%'ﬁiaﬁm HSV-1 'lui:oTu-?'imau'qumu'lunﬂﬁmm%ﬂ'lumiu insect pathogenic fungi
HaMsMAsaUNaNaTiwTasusialia KB wuinilshatnalina positive 0.83%  weamaatinand
wun unsiratiliqnisiafiuted KB 'lus:ﬁuﬁmau'lqmu'lmﬁlﬁmnt%a'l.unq'u insect pathogenic
fungi

HanIMARaLNsaFNATFuIRENzISITin NCI-H187 wudniifaetinaliiug positive 3.56% 1848 aeinat
Vi ussaetaRilrisraduead  NCI-H187 'lui:ﬁu'?;ﬂ'mu'lﬁmu'lum‘lﬁmm%a'luna,'u insect
pathogenic fungi

HANIMARELNMIATNATHNTAANSTTRA BC nudnisnetinalina positive 0.91% 19988tinaviavun

]
-y

u.a:ﬁqaﬂﬁqﬁ'lﬁqw%rsiaﬁﬁumz{ 'lui:ﬁunu'mu'lfad'm'luq,i'la'h'mt%ﬂ'lun@;u insect pathogenic furgi WA
‘elungu Basidiomycetes

NANTNARBUNNIRT WA C. albicans wudniisaadnalina positive 0.86% 1Bt LaH
aﬁﬁqﬁlﬁqwéﬁﬂﬁﬂutmaﬁ C. albicans 'lus:m“u*?'ixhau'lﬁdou'mqj'lﬁmnL%ﬂmnq‘u Endophytic fungi
Farfifianmrniseenqraminaulad 230 fedw (216 aewug) Wunedadendieinluded

-« - X hd o~ ¥ - | - -
furaluLFunsamNREAES 250 mi ues AU 46 Faatin (42 eeiug) WHFuntsdaden
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taqiunudrdsnelealuwisimsratinguisaaianseangmaniedanwldiag 13da
Ascherponia, Hyporeclla W§s Cordyceps mﬂwn:L??m'lutﬁmﬁulé"lﬁmmimmmﬁm PDB, MM uaz
M102 uazwudraunaslungu Cordyceps Sfminisiaieyuanmsmandeanandunnidiemauiusly
nq‘u%"uq ﬁeﬁmﬁiﬂLﬁunﬂim‘?‘cytﬁu‘imua:mm’?’ﬁqmmﬂnqwémw%mwmmmu,um Cordyceps 1#@Anmn

wawnsimmnzausiannsiyduTauasianunisaieanseenguaniadanwanss lunguil

<l . a %
1. MEWIEITBIMTNNNEANFABNIFIATYUBNT BT
day —o X
a1 dneagauiael

1. Potato Dextrose Broth (PDB) Hasdlsznaufa

Potato Starch 40 iy
Dextrose 20.0 nfu
DW 1000 @

2. PDB uanld Hesrlsenauda

Potatc Starch 40 nsu
Dextrose 20.0 nfu
DW 1000 @&m3

winldlnlueuwng 10 WefdulauSunms

3. Sabouraud Dextrose Broth (SDB) fasAlsenaume

Enzymatic Digest of Cascin 10.0 N3N
Dextrose 200 n5W
CW 1000 @mg

4. SDB uanld Hevflsenauie

Enzymatic Digest of Cascin 10.0 nfu
Dextrose 200 nfu
DW 1000 &m9

winldlnuewns 10 WefidudlaenmBung
5. PDB lutueni1a

6. SDB lunnuzw¥n
7. duzwiig (CO) Usenaudan Tulsiu, 1o, aflulawss, 3niud uazdnniiull 6
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‘e Cordyceps TunguimSafidanuiu 5 aneug
1. Codyceps unilateralis BCC 1869
2. Cordyceps sp. BCC 1575
3. Cordyceps uleana BCC 1683
4. Cordyceps pseudomilitalis BCC 1472
5. Cordyceps khaoyaiensis BCC 7020
lungulnddeinfigaiauou 3 arewug
1. Paecilomyces cinnamomeus BCC 2107

2. Aschersonia badia BCC 8111

3. Hypocrella reineceiane BCC 2354

nMsmasesiiumeude mm‘%ﬂﬁm‘ﬂyuuaﬂmf PDA ﬁm%ﬂmmuﬂmmmL%ﬂm‘fim‘i‘tyuumm?
ufe PDA 1A 1xi msaaudmes usdnliiuiudnqdeduennameg SDB + CO 1Bunas 50
NaRamg ViU?sf{luwmmﬁmmm 250 finAAns i lU@sLUARBEN (Shaker) ﬁqnmqﬁ 25 avAgaIdas
Whunan 7 54 dredenannédde 5% laeBinns adluemiaman PDB, PDB, nexld, SDB, SDB ey
14, POB Twdnazndn, SDR lwmendn uay thauswiafiihRanms 50 fiadans '?'iua‘iﬁ'luwmaﬁﬂmm
250 fiadans ulidesluan1ohivdn (Static) iguugiivies 25 ssrneadea ufetiiseny 7, 14, 21,

28uaz 35 4 AnAN pH TRNNARTYIRLTR WaL WINITARUR HANIIMAREUAAIIUANT T 10
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= : ¥ o 1 1 - JRNT
A15199 11 nrsilAguudasiuinuivueade Cordyceps luewsidsdasiiasine

POB

8y PDB+Egg | PDB+CO | SDB SDB+Egg | SDB+CO | CO
aeiug (7W) | DCW(g/M) | DCW (g/) | DCW(g/) | DCW(gh) | DCW (g/) DCW (g/1) DCW (g/)
7 | 249 7.43 6.26 7.86 4.28 17.99 4.34
14 | 532 9.36 13.85 8.71 15.13 28.98 6.8
BCC1683 | 51 809 12,58 18.05 9.78 16.24 29.23 8.81
28 | 9.21 15.15 19.25 1118 | 17.78 33.67 9.26
35 | 1166 |20.12 19.13 1226 | 20.88 37.76 10.97
7 o063 3.29 2.05 1.18 1.76 11.23 2,57
14 | 339 5.94 9.02 4.06 6.07 19.19 4.66
BCC1869 | 51 | 5.9 7.18 16.98 7.3 7.43 19.42 10.33
28 | 6.56 8.17 19.24 9.15 9.23 20.49 10.78
35 | 839 10.67 23.46 10.25 11.82 23.18 12.26
7 135 2.48 28 4.23 4.21 5.59 1.64
14 |563 6.05 3.49 6.31 8.75 8.46 3.51
BCCT7020 151 |gs 9.29 461 9.38 10.41 9.13 45
28 |88 10.46 6.35 10.27 11.44 10.23 6.42
35 | 9.41 12.57 7.33 14.14 14.6 12.63 8.35
7 |oss 183 3.69 22 1.16 26 (15
14 |3 7.41 9.89 1156 | 2.41 17.55 17
BCC1S75 151|543 16.38 16.59 15.91 15.16 185 6.66
28 |9.78 19.61 17.46 17.06 16.98 22.94 14.64
35 | 107 25.03 22.04 2158 | 24.64 24.9 15.91
7 | 267 8.59 9.35 9.17 15.51 19.71 6.26
14 | 408 11.9 12.86 10.75 16.65 20.75 8.35
BCC1472 151 665 13.58 15.36 11.87 19.52 20.43 9.71
28 | 7.26 15.33 17.47 1345 | 21.81 23.78 11.59
3 |85 1930 | 18.71 1549 | 23.35 25.27 12.54
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ANEANINARDIR LEWLFNAN Cordyceps ¥ 5 @ uWug wudn Cordyceps uleana BCC 1683
uaz Cordyceps pseudomilitalis BCC 1472 luamng SDB ﬁﬁﬁm:w%qlﬁmﬁqmmﬁ 35 Ju Aetssanu
37.76 NFNABARNIUAY 25.27 NFUABARIATNATNL

Codyceps unilateralis BCC 1869 wuinliinadgeanluaimis PDB uaz SDB Az 35
Aludnflndidaiy Aetlszanns 23.46uaz 23.18 nfusieans AugAL

Cordyceps sp. BCC 1575 wuinluamns PDB uawli Waadgeq m*?‘imq 353U Aeusyanm
25.03 nfurafns

Cordyceps khaoyaiensis BCC 7020 wuinluenmis sDB wanld iitad: ngmﬁm 35 A9
Uszunns 14.6 nfuredns

uﬂmmmamﬁ“lﬁuam'lﬁLﬁwhmﬂ‘gm'lumm?V;ﬁﬁwu:w?‘ﬁw‘m‘l‘ﬁuauﬂgjﬁoﬂ fnavinlinng
\30y789 Cordyceps Atulnsianiznis it ﬁq‘lﬁﬁwammmam‘fﬂﬁmﬂ?anﬁuazvmaﬂuﬁu
Henilnin A Paecilomyces cinnamomeus BCC 2107, Aschersonia badia BCC 8111 Wat Hypocrelia
reineceiane BCC 2354 at! vary nonnnswineanithy 0, 25, 50, 75 war 100 wWafidus Aamiuns
Lf-z’a‘tyimﬂmiffmﬁwﬁnuﬁq (Fauanslumsed 11) uan'\mmamwudﬁmm‘?tymmL%ﬂ Paecilomyces
cinnamomeus BCC 2107 lu SDB rsaninszwia 100 wefifudlfimadanniign dau Aschersonia badia
BCC 8111 Uazi3a Hypocrelia reineceiane BCC 2354 luamns SDB utnuznwie 50 wefidudliioad
u’m*?‘iqrn
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<l i H o 4 B
m19199 12 nswAsuidaniminuienes Corgyceps Tuawsiidhinuewiradiuesfssnau

0%

75%

s 25% 50% 100%
ALNUS (W) | DCW (gh) | DCW (g/) | DCW (g/) DCW (g/) DCW (g/1)
4 18 38 4.6 3.2 2.4
7 6.4 10.8 15.6 13.8 15.6
BCC 2107 11 11 13.8 18.4 10.8 23.4
14 11.2 13.8 18.2 19.8 224
21 27.6 30.2 328 35.4 38
7 06 0.4 0.8 0.6 0.01
11 0.8 0.8 12 0.8 0.6
BCC 2354 21 0.8 16 16 1 12
28 0.8 14 2.4 1.4 1.2
35 12 2 26 2.2 1
14 0.8 . 0.6 - 0.2
21 0.2 . 0.2 - 0.2
BCC 8111 o8 0.8 - 1 - 0.4
35 1.2 - 2.4 - 0.6
42 1 . 1.8 ] 1

¥ o X ¥ ¥
wnnae) : MTasiaf 3 Aschersonia badia \RaawIz NI 0%, 50% Uay 75% Winlu
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2. ANEINATRIRITEIMNTHANITHSINRITRRNONENISTINN

L%amﬁm,wnﬁﬁwmmmuﬁﬂ Codyceps unilateralis BCC 1869 LﬂuL%mﬁ'?iuﬁmmsﬁum
Naphthoquinones # quﬁmummuﬂ AN EC,, Wiy 2.5 ug/ml uamm’mmmummmﬂn 20 winludl
ailuResiauiad BC, KB uar Vero definlddniidn amwm'lum?ﬂ?:qnmLwawmmmm‘lﬂ atinlsh
P sAiatiite linanans Naphthoquinones  dailuifoywnegde msldanlunts@eany
Yiunuansléian mnmsﬁnmmmwLmu‘{mmrnm'\'lunau Cordyceps ‘lumm?mm'nummqumn
umvwswumwmmm‘lumﬂwuﬂmmwmymmvm’lunau Cordyceps ¥ FunuieAnuuaraaih

uewiasiantsa¥ieans Naphthoquinones 1u Cordyceps unilateralis BCC 1869 10‘1Lﬂ£|~‘ll.‘ﬁﬂ'luﬂ’m’15‘ﬁi"l\1']

o

N

Zhe

1. Potato Dextrose Broth (PDB)
Potato starch 4.0 g
Dextrose 20.0 g
bw 1000 i

2. Potato Dextrose Broth (PDB) in cocnut + juic (PDB+CO 50%)

Potato starch 4.0 g
Dextrose 200 ¢

Yiuzwin (CO) 500 mi
DW 500 ml

3. Sabouraud Dextrose Broth (SDB) in cocnut juic {SDB+CO 50%)
Enzymatic Digest cf Cascin 10.0 ¢

Dextrose 200 g
Wuznia (CO) 500 ml
DW 500 ml

wanewme) : WEEN PDB usy SDB Tuihuzwknilaginuswinn 50%

nMedeadeluemsmenta 3 1ia Bedluanaliing (static) ﬁqmuqﬁﬁ’m 25 avATadna
Wiudnatineang 14, 21, 288z 35 §u Farn pH TufinnasByiAuts wikwminuusssaacudined

HANINARALAATINANINT 12 USE 13 M2a¥19873 Naphthoquinones Tuswmnralinse wudn
Tudaveng 28 A 31 Cordyceps uinlateralis BCC 1869 finnsa¥13a1s Naphthoquinones 1Agagaluaung
PDB Aa Wiy 1.89 nfusiaAns Feazwudnmsa¥ieans Naphthoquinones Tudaeeng 28 Ju azganinluy
ey 14 Aluawnaie 3 18a upswuBndnsa¥eans Naphthoquinones lugunsaiiasineg éun
PDB, PDB+CO wax SDB+CO 1 Bunnutadgugaidiadasiuauns sDB+CO Tutaeang 28 4 An 25.63
n¥uRedAns uin1saneens Naphthoguinones TiBannuiatindalu PDB uaz PDB+CO Fuflunafinssding

[y

ny
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A9197 13 WisuFeuiunuans Naphthoquinones Tue1uns PDB, PDB+CO ua SDB+CO

Naph. (g/1}
2113
81 14 U 2 28 1Y
PDB 0.07 1.89
PDB+CO 0.05 0.18
SDB+CO 0.06 0.11

A1seil 14 Wsu@enBuanans Naphthoquinones UaztMinIIad uauns PDB, PDB+CO uaz
SDB+CO

81 14 T4 81¢ 23 U 81 28 Ju
f8IU1e Celt Nap.
Cell (g/l) | Nap. (g/l) Cell (g/l) | Nap. (g/)
(oM (7))
PDB 3.52 0.22 - 1.59 3.99 1.74
PDB+CO 8.99 0.12 - 1.02 12.43 0.27
SDB+CO 13.25 0.07 - 0.83 25.63 0.22
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Abstract

A new metabolite, mellisot (1), and naturally new 1,8-dihydroxynaphthol 1-O-Ol-glucopyranoside (3)
together with four known metabolites, cytochalasins C and D, (-)-5-carboxymellein and (-)-5-
methylmellein, were isolated from the fungus Xylaria mellisii (BCC 1005). Compounds 1 and 3
exhibited activity against herpes simplex virus-1 with IG5, values of 10.50 and 8.40 pg/mL, respectively.
They showed low cytotoxic activity against vero cell and were inactive against BCA and KB cell lines at

the concentration > 20 pg/mL.
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Mycologists at the National Center for Genetic Engineering and Biotechnology (BIOTEC) have
been collecting and identifying microorganisms from various parts of Thailand. These organisms are
kept at the BIOTEC Cuiture Collection (BCC) for further study and extracts of some of these have
shown to possess a variety of biologically active secondary metabolites.'”  As part of our on-going
search for bioactive substances from microorganisms we have been working with fungi of the genus
Xylaria and came across the anti-herpes simplex virus activity of the crude extract of Xylaria mellisii
(BCC 1005), therefore we pursue the investigation in order to identify the active principle(s).

Altogether, six compounds, mellisol (1), 1,8-dihydroxyhaphthol 1-O-Ql-glucopyranoside (3),
cytochalasins C and D, (-)-5-carboxymellein and {-)-5-methylmellein were isolated and identified.
Physical properties and spectroscopic data of cytochalasins C and D, (-)-5-carboxymellein and (-)-5-
methylmellein were identical in all respects to those already published.36

Compound 1 was obtained as needles and its HRMS revealed a molecular formula C,,H,,O,
(observed m/z 281.0684 [M+Na]’, A 0.0 mmu). IR spectrum showed absorptions at V ax 3448 (OH)
and 1735 cm™ (C=0) while "°C and DEPT-135 NMR spectral data showed 12 carbons consisting of one
methyl, four methylenes, four methines and three quaternary carbons. Five carbons at 50 64.3 (C-11),
77.2 (C-10), 79.9 (C-5), 99.3 (C-2) and 104.2 (C-6) suggested their connection to oxygens, two of which
(5C 79.9 and 104.2) were quaternary carbons. The HMQC experiment of 1 showed correlations of C-11,
C-10 and C-2 to the unequivalent methylene protons (at SH 4.29, Hg-11 and 4.57, Hg-11) and the two
methine protons (at SH 4.76, H-10 and 6.03, H-2) respectively. In 'H-'H cosy spectrum not only
indicated tnat this unequivalent methylene protons showed connectivity to the chiral proton at SH 3.10
but it also showed the correlations of H-2 to H-3; H-7 to H-8; H-8 fo H-7 and H-9; H-9 to H-8 and H-10;
H-12 to H-9 and H-13. The HMBC spectrum showed the cross peaks from H-2 to C-4, C-10 and C-11;
H-3 to C-2, C-4 and C-5; H-7 to C-6 and C-8; H-8 to C-9; H-9 to C5; H-10 to C-4, C-5, C-6, C-8 and C-9;
H-11 to C-2, C-4 and C-6; H-12 to C-9; H-13 to C-9 and C-12. From the data described above structure
of compound 1, named mellisol, was then established. Interestingly, the methine proton at SH 6.03 (H-
2) showed no coupling to H-3, thus the dihedra!l angle between H-2 and H-3 was suggested to be
about 90°C. The NOESY spectrum indicated spatial correlation from H-13 to H-2 and H-10; Hg-11 to H-
2, this suggested the relative stereochemistry of mellisol to be as shown.

Acetylation of compound 1 with acetic anhydride and pyridine gave a yellow oil 2 (V.o at
1766 and 1742 cm™; C=0) which showed two additional methy! groups, at SH 2.12 and 2.32, in its 'H
NMR spectrum. The unequivalent methylene protons originally resonated at SH 4.29 (Hg-11), 4.57 (Hb-
11) in 1 shifted to S, 4.29 (He-11), 6.03 (Hp-11) and the methine proton of H-2 (at 8,, 6.03 in 1) to J,,

6.57, respectively. The absence of carbon at 50 207.2 in the parent compound and the presence of QL,
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B-unsaturated carbonyl carbon absorptions at 6C 173.6 and 181.9 pointed to the ring opening of the
ketal group as shown in 2. The absence of the methine proton at 8H 4.76 (H-10) and the extra carbons
at SC 133.0 and 164.6 confirmed the formation of a double bond. This was also confirmed by the IR

absorption at V__ 1686 cm’. The proposed structure 2 was also confirmed by the 1D and 2D NMR

spectral data.

Compound 3 was obtained as a brown solid. HRMS revealed a molecular formula C,H,0,
(observed m/z 321.0983 [M-HJ, A -0.1 mmu). IR spectrum showed a broad peak at V... 3386 cm’
(OH) and peaks at v, 1629, 1607 and 1587 cm indicated an existence of aromatic component. 'H
and °C NMR spectra indicated the presence of typical glucose moiety where absorptions at 5H 3.20-
5.50 and 5C 60.8-101.2 were observed. Four hydroxyl groups of the sugar unit (SH 4.70, 5.10, 5.27,
6.09) and an extra OH at 5H 9.66 disappeared after the addition of D,0. Six protons resonated in the
aromatic region at SH 6.78-7.53 ppm and ten carbons situated in the range of 50 110-160 ppm could
be contributed to 1,8-disubstituted naphthalene moiety where upon two quaternary carbons attached to
oxygen resonated at 50 153.6 and 154.4. HMBC spectrum indicated that the anomeric proton of
glucose moiety (at SH 5.50) correlated to the carbon at 154.4, also the coupling constant of 3.46 Hz at
the anomeric proton suggested that the naphthol moiety was attached to the glucose unit at OL-
position”. All evidences, including detailed 'H-'H COSY and HMQC experiments of compound 3 and
its acid hydrolysis product, 4, indicated that compound 3 was 1,8-dihydroxynaphthol 1-O-Qt-
giuccpyranoside. Although compound 3 is known synthetica!ly7. this is the very fist iime that this
compound has been isolated from natural source.

Compounds 1 and 3 exhibited anti-HSV-1 activity at IC,, 10.50 and 8.40 Lg/mL respectively
and displayed low cytotoxicity against vero cell line at the concentration of 39.42 and 45.84 Hag/mL. In
addition, both were inactive against BCA and KB cell lines at the concentration of >20 Hg/mL.
Cytochalasins C, D, (-)-6-methylmellein and (-)-5-carboxymellein showed no activity against HSV-1
virus. (-)-5-Carboxymellein was earlier reported to be antimalarial principle from the marine fungus

.. . 8
Halorosellinia oceanica.

Experimental Section

General Experimenta! Procedures. Mps were determined on an Electrothermal IA 9100 digital
melting point apparatus and were uncorrected. IR spectra were recorded on a Perkin-Elmer System
2000 Spectrophotometer, UV spectra on a Varian CARY 1E UV-visible spectrophotometer and ESI
(Electron Spray lonization)-TOF mass spectra on a Micromass LCT mass spectrometer. . Optical

rotations were recorded on a JASCO DIP-370 digital polarimeter.  Chromatography columns were
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made up using Sephadex LH-20 and Merck Kieselgel GF,,,. 'H NMR (400 and 500 MHz) and °C NMR
(100 and 125 MHz) spectra were recorded on Brukers DRX-400 and AV-500D spectrometers using
CDCl, (B, 77.0), DMSO-d, (3, 39.5) and C,D,N (8, 149.9, 135.5, 123.5) as references. Type of carbon
atoms were established by employing a combination of broadband proton-decoupled and
distortionless enhancement by polarization transfer (DEPT) experiments. Assignments were
established by employing a combination of 1D and 2D NMR experiments.

Fungal Material. X. meliisii (BCC 1005) was collected from Kaeng Krachan National Park,
Phetchaburi, identified by Dr. Surang Thienhirun and deposited at the BIOTEC Culture Collection
(BCC), Thailand (registration no. BCC1005).

Extraction and Isofation. The culture maintained on potato dextrose agar (6 days) was
inoculated into a malt extract medium (2X250 mL). After 25 days, the primary inocculum was
transferred into 20 L Erlenmeyer flasks, each containing 250 mL of malt extract media with extra 6%
glucose (20X1 L), and incubated for 8 weeks. The mycelium was removed by filtration through filter
paper and the medium was extracted with EtOAc (3X2 L), dried with Na,SO,. The dried extract was
evaporated to yield a semi-soild gum (2.9 g). The mycelium was macerated in MeOH (2 L) for 7 days
at room temperature, followed by soaking (also 7 days) in CH,CI, (2 L). The combined organic solvent
was evaporated then extracted with hexane (3X1 L) and FtOAc (3X1 L).

The solid gum (2.9 g) was triturated with EtOAc (5 ml) to give brown solid of 1,8-
dihydroxynaphthol 1-O-0l-glucopyranoside (3) (0.55 g), which was further purified by Sephadex LH-20
to give pure sample (0.41 g). The filtrate was evaporated to dryness (2.0 g) and purified by a siiica gel
column chromatography using a mixture of toluene: EtOAc: acetic acid (50:49:1) as eluent; 15 ml
fractions were collected to provide 4 major parts as indicated by TLC. Part 1 was further purified by
Sephadex LH-20 using 100% MeOH as an eluent to obtain (-)-5-carboxymellein (3.05 mg). Part 2 was
crystallized from a mixture of acetone and hexane to give mellisol (1) as colourless needles (56.9 mg).
Part 3 contained cytochalasin D (60.73 mg) and part 4 provided compound 3 (0.23 g).

In addition, (-)-6-methylmellein (24.04 mg) and cytochalasin C (61.15 mg) were isolated from
the haxane extract of mycelium while the EtOAc extract provided (-)-5-carboxymellein (28.47 mg).
cytochalasin D (0.52 g), cytochalasin C (21.75 mg) and 1,8-dihydroxynaphthol 1-O-Cl-glucopyranoside
(3) (0.77 mg). Chemical and physical properties of cytochalasins C and D, (-)-5-carboxymellein and (-
)-5-methylmellein were identical to those published in the literatures.®®

Bioassay Procedures. Antiviral activity was evaluated against herpes simplex virus type ‘1
(HSV-1) employing the colorimetric method described by Skehan and coworkers.” HSV-1 was
maintained in the vero cell line (kidney fibroblast of an African green monkey) which was cultured in
Eagle's minimum essential medium (MEM) with the additional of heat-inactivated fetal bovine serum
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(FBS) (10%) and antibiotics. The reference compound. acyclovir, exhibited the antiviral HSV-1 with IC,,
of 2-5 lg/mL. The cytotoxicity assay against the BCA (human breast cancer cells), KB (human
epidermoid carcinoma of the mouth), and vero cell line was performed employing the colorimetric
method using ellipticine as reference (ICq, of 0.1-0.4 Hg/mL for both BCA and KB cells and 0.4-0.9
Hg/mL for vero cell).

Compound 1 (mellisol): C,,H,,0,; colorless needles; HRMS m/z 281.0684[M+Nal"; calc. for C,,H,s0xNa
281.0684; mp 125-127 °C; [a ]} + 141.91° (c 0.2720, EtOH): UV (EtOH) A,,.nm (log €) 205 (3.49),
267 (2.65); IR (KBr) W ax cm” 3448 (br), 2961, 2932, 2905, 1735, 1467 (W), 1459 (W), 1389, 1341, 1273,
1211,1198, 1153, 1123, 1092, 993, 966, 935, 916, 857, 812, 702: 'H NMR (500 MHz, C,D,N) 0.82 (3H,
td, J 7.43, 1.53 Hz, H-13), 1.42 (1H, quint, J 7.43 Hz, Hp-12), 1.56-1.63 (2H, m, H--8 and H--12), 2.11
(1H, dt, J 12.95, <<1 Hz, Hi-7). 2.156-2.20 (1H, m, H-9), 2.32 (1H, ddt, J 12.60, 3.60, <<1 Hz, Hi--8),
2.46 (1H, ddd, J 12.95, 9.72, 1.24 Hz, He-7), 3.10 (1H, d, J 1.19 Hz, H-3), 4.29 (1H, d, J 11.05 Hz, H--
11), 4.57 (1H, dt, J 11.05, 1.19 Hz, Hp-11), 4.76 (1H, s, H-10), 6.03 (1H, s, H-2), 6.90 (1H, s, OH), 8.20
(1H, s, OH), 8.70 (1H, s, OH) "C NMR (125MHz, C,D,N) 11.6 (q, C-13), 24.9 (t, 8-C), 25.0 (t. 12-C),
34.6 (t, 7-C), 36.8 (d, 9-C), 56.7 (d, 3-C), 64.3 (t, 11-C), 77.2 (d, 10-C), 79.9 (s, 5-C), 99.3 (d, 2-C),
104.2 (s, 6-C), 207.2 (s, 4-C).

Mellisol diacetate 2: Compound 1 (5.2 mg) was stirred overnight with acetic anhydride (1.5 ml) and
pyridine (3 drops). The reaction mixture was poured into ice-water (2 ml) and stirred for 2 hours,
followed by addition of NaHCO, and then extracted with EtOAc (3X5 ml). The EtOAc extract was
evaporated to dryness to give brown gum (5.54 mg). The gum was purified by Sephadex LH-20 using
100% MeOH as an eluent to give mellisol diacetate 2 (2.29 mg); C,;H,,0,: yellow oil; HRMS m/z
347.1114 [M+Na]'; calc. for C,H,,0,Na 347.1107; UV (EtOH) Xmaxnm (log €) 203 (3.44), 273 (3.58); IR
(CHCL) V.. cm’ 2963, 2929, 1766, 1742, 1686, 1623, 1540, 1456, 1373, 1219, 1146, 1036, 962, 935:
"H NMR (500 MHz, CDCl;) 0.88 (3H, t, J 7.48 Hz, H-13), 1.45-1.65 (2H, m, H-12), 1.90-2.05 (1H, m, Ha-
8), 2.12 (3H, s, CH,CO), 2.18-2.23 (1H, m, Hp-8), 2.30-2.40 (2H, m, Hy-7and H-9), 2.32 (3H,s, CH,CO),
2.43-2.53 (1H, m, Hg-7). 2.75 (1H, m, H-3), 4.29 (1H, dd, J 11.30, 3.01 Hz, Hg-11), 5.03 (1H, dd, J
11.30, 1 Hz, Hp-11), 6.57 (1H, s, H-2); °C NMR (125 MHz, CDCl,) 11.8 (t, C-13), 20.3 (COCH,), 20.7
(COCH,), 24.9 (t, 12-C), 29.6 (t, 8-C), 33.1 (t, 7-C), 41.1 (d, 9-C), 48.4 (d, 3-C), 60.7 (t, 11-C), 92.3 (d, 2-
C). 133.0 (s, 5-C), 164.6 (s, 10-C), 168.3 (COCH,), 168.5 {COCH,),173.6 (s, 6-C), 181.9 (s, 4-C).
Compound 3: C,;H,;O,; brown amorphous; HRMS m/z 321.0984 [M-H]"; calc. for C,6H:60; 321.09883;
mp 205-207 °C (dec); [ [} +127 °(c 0.3185, EtOH); UV (EtOH) A, nm (log €) 226 (4.89), 302 (4.09),
317 (4.04), 332 (4.01) ; IR (KBn) V, cm” 3386 (br), 2936, 1629 (w), 1607, 1587, 1397, 1298, 1247,
1110, 1087, 1045, 998. 814; 754; 'H NMR (400 MHz, DMSO-d,) 3.20-3.25 (1H, s, H-4"), 3.52-3.60 (4H,
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m, H-2', H-3', H-5", H—6'), 3.72-3.75 (1H, m, H-6’). 470 (1H, t, J 5.79 Hz, OH), 5.10 (1H, d, J 6.14 Hz,
OH), 5.27 (1H, d, J 4.61 Hz, OH), 5.50 (1H, d, J 3.46 Hz, H-1'), 6.09 (1H, d, J 3.87 Hz, OH), 6.78 (1H,
dd, J 3.39. 5.38 Hz, H-2), 7.33-7.36 (3H, m, H-3, H-4, H-6), 7.44 (1H, dd, J 7.65. 0.85 Hz, H-7), 7.53
(1H. dd. J 8.28, 0.85 Hz, H-5), 9.66 (1H, s, OH); °C NMR (100 MHz, DMSO-d,) 60.8 (t, 6'-C), 69.5 (d,
4'-0), 71.0 (d, 3'-C), 73.6 (d, 5'-C), 74.2 (d, 2'-C), 101.2 (d, 1-C), 110.7 (d, 2-C), 110.9 (d, 7-C), 115.5

(s, 9-C), 118.7 (d, 4-C), 122.8 (d, 5-C), 126.3 (d, 6-C), 127.4 (d, 3-C), 136.3 (s, 10-C), 1536 (s, 8-C),
154.4 (s, 1-C).
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Abstract

The resistance to pyrimethamine (Pyr) of Plasmodium falciparum arising from
mutation at position 108 of dihydrofolate reductase (pfDHFR) from serine to asparagine (S108N) is due
to steric interaction between the bulky side chain of N108 and Cl atom of 5-p-Cl ary! group of Pyr
which, consequently, resulted in the reduction in binding affinity between the enzyme and inhibitor.
Molecular modeling suggested that the flexible antifolate, such as trimethoprim (Tmp) derivatives,
could avoid this steric constraint and should be considered as new potentially effective compounds.
The hydrophobic interaction between the side chain of inhibitor and the active site of the enzyme
around position 108 was enhanced by the introduction of longer and more hydrophobic side chain on
Tmp's 5-benzyl moiety. The prepared compounds, especially those bearing aromatic substituents,
exhibited better binding affinities to both wild type and mutant enzymes than that of the parent
compound. Binding affinities of these compounds correlated well with their antimalariai activities
against both wild type and resistant parasites. Molecular modeling of the binding of such compounds
with pfDHFR also supported the experimental data and clearly showed that aromatic substituents play
an important role in enhancing binding affinity. In addition, some compounds, with 6-alkyl substituents,
showed relatively less decrease in binding constants with the mutant enzymes and relatively good

antimatarial activities against the parasites bearing the mutant enzymes.
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Introduction

Malaria, one of the most widespread tropicat diseases, is caused by parasites of Plasmodium
spp.. of which falciparum is most lethal. The emergence of resistant parasites to various avaitable
drugs has become a very serious problem in malaria control.'?  Plasmodium falciparum dihydrofolate
reductase (pfDHFR), which is an essential enzyme in the folate pathway and exists as a bifunctional
enzyme linked to thymidylate synthase (TS), has long been an important target for malarial therapy.
Pyrimethamine (Pyr, 1) and cycloguanil (Cyc, 2), the active metabolite of proguanil, are potent DHFR
inhibitors and were effectively used for P. falciparum malaria treatment. Unfortunately, resistance of the
parasite to these drugs occurred rapidly and hence their clinical utility has been drastically affected.
The mechanism of resistance has been shown to be due to the various point mutations of DHFR,
including those at positions 16, 50, 51, 59, 108, 140 and 164.%7

During the past few years, molecular modeling of pfDHFR has extensively been studied in
order to understand the basis of drug resistance which can lead to the development of new effective
inhibitors.**' From a homology model based on leishmania DHFR, Mckie et al. pointed out that S108N
mutation had led to steric clash with p-Cl atom of Pyr.9 Results from other molecular modeling studies
of various different species of DHFRs also gave similar explanation for the resistance of this

8,10.11
mutant.

It has been suggested that the flexible antifolate could avoid this steric constraint and should
be an effective inhibitor."” This was demonstrated in case of WR99210, the triazine derivative with
fiexible trichlorephenoxypropyloxy side chain, which is effective against Pyr-resistant parasites.'>"
Trimethoprim (Tmp, 3) also possesses a flexible benzyl side chain and it was shown that the binding
affinity of Tmp analogues to mutant enzymes were relatively less affected than Pyr, although the relative
influence of side chain flexibility must be weighed against other influence of structural changes in the
various derivatives."” It was also shown that derivatives with benzyloxy substituent on the 5-benzyl
group had favorable binding characteristics. These implied that the aromatic group at 5-benzyl moiety
played an important role in the binding affinity. In order to explore the significance of aromatic and
other hydrophobic substituents on the 5-benzyl moiety, the binding affinity of various Tmp derivatives
bearing these substituents with both wild type and mutant enzymes were extensively studied.
Moreover, molecular modeling of the binding of Tmp derivatives with the active site of the recently -

solved pfDHFR'® were also studied.
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Resuits and Discussion

Chemical Syntheses. Preparation of Tmp analogues was achieved by the improved method
recently reported by our group15 and the synthetic route is shown in Scheme 1. Derivatives of Tmp with
5-benzyl substituent were synthesized by aldol condensation between 3-morpholinopropionitrile and
substituted benzaldehyde, followed by treatment of the intermediates with guanidine. In cases of
derivatives with 6-alkyl substituents, an additional methylation step, using diazomethane, was needed
prior to the treatment with guanidine. For derivatives bearing long ether side chains, the preparation of
starting aldehydes is outlined in Scheme 2. 4-(3-Hydroxypropoxy)-3-substituted benzaldehyde (14)
and 3-substitutedphenoxy-1-propanol (17) were synthesized by alkylation of the corresponding
hydroxybenzaldehyde (12) or phenol (16) with 3-chloro-1-propanol using K,CO/DMF at 80°C.
Treatment of compound 14 with p-toluenesulfonylchloride at 0°C gave the tosylated product 15 as a
white solid. Synthesis of compound 18 was achieved by atkylation of compound 17 with tosylated 15
under NaH/DMF conditions.

Molecular Modeling of pfDHFR Bound with Tmp. Since the structure of pfDHFRs was being
solved during the course of this research, molecular modeling of trimethoprim with the enzyme was
~ conducted with these solved structures in order to understand the mode of binding of the inhibitor in
the active site pocket. Predicted conformations of this compound in the active site pocket of wild type
and quadruple mutant pfDHFRs are shown in Figures 1 and 2. The benzyl side chain of the inhibitor
was found to be oriented in the “up” conformation, bending away from NADPH, as observed in
eucaryotes, wnereas in bacterial DHFR the benzyi grocup was pointing “downward” towards
nicotinamide ring."”"® In this case, the inhibitor was positioned more closely to NADPH than that in the
bacteria, and adjustment to the “down” conformation would lead to steric clash with nicotinamide ring
of NADPH. It should be noted that the conformation of Tmp in the active site pocket of the enzyme
reported in this study is very similar to that of the established conformation of WR99210 in the same
active site (Figure 1c)."®

As Figures 1a and 2a show, the inhibitor was bound in the active site of the enzyme with its
pyrimidine ring occupying the interior of the deep cleft while its benzyl side chain extended out towards
the entrance of the hydrophobic binding cavity. This inhibitor was held in the pocket by a combination
of van der Waals, hydrogen bonding and ionic interactions with the protein. The key interaction was the
hydrogen bonding between carboxylate side chain of Asp54 and both N1 and 2-amino groups of
pyrimidine ring. Furthermore, the backbone carbonyi oxygens of lle 14 and 164 were found to locate jn
the plane of pyrimidine ring which formed a hydrogen-bond with the 4-amino group of the inhibitor.
Additional major hydrophobic contacts occurred between the pyrimidine ring and the side chain of Phe

58 and Leu46, located above the ring and adjacent to its exterior edge, respectively. Three methoxy
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groups were in van der Waals contact with the side chain of Met55, Leud8, lle164 and nicotinamide
ring of NADPH. The model showed that interaction between side chain of the inhibitor and amino acid
at residue 108 and the pi-pi interaction caused by the stacking between phenyl ring of inhibitor and
nicotinamide ring of NADPH, which took place in case of Pyr and Cyc.s‘10 were absent and therefore
resulted in poor binding. In order to produce optimal interaction, addition of longer and more
hydrophobic substituents was required. However, the space around methoxy group at position 5 was
quite limited for modification. Consequently, modification at positions 3 and 4 on the benzyl moiety was
focused.

It is shown, in Figure 2b, that in the case of quadruple mutant enzyme there is no interaction
between benzyl side chain and the surrounding amino acids, Met55 and Leu164. In addition, the
distance between the backbone oxygen of Leu164 and the 4-amino group of the pyrimidine ring
increased significantly, resulting in weaker hydrogen-bonding interaction. All these results constituted
poor binding of the inhibitor to this mutant enzyme, when compared to those of the wild iype.

Inhibition of the Wild Type and Mutant pfDHFRs by Tmp Derivatives. From the characteristics
of binding discussed, we make a hypothesis that aromatic and other hydrophobic substituents on the
5-benzyl moiety of Tmp would increase the binding affinity, resulting in enhanced enzyme inhibition and
parasite killing. The trimethoprim derivatives with these substituents were subjected to screening for
inhibitory activity with wild type, S108N, C59RS108N double mutant, C59RS108NI164L triple mutant
and N51IC59RS108N1164L quadruple mutant DHFRs. K; values for these compounds, binding with
wild type and mutant enzymes, are shown in Tables 2-5 along with K values of trimethoprim for
comparison. Effects of substituents on the inhibitors in their binding to both wild type and mutant
DHFRs were assessed by determination of the ratios of inhibition constants for the mutants as
compared to the wild type enzyme (K, mut/K wt), as well as their K values relative to trimethoprim.

The K values of trimethoprim analogues having various long chain alkoxy substituents are
shown in Table 2. In the case of compounds 20-22, it was noted that the increase of carbon atoms at p-
alkoxy side chain resulted in the decrease of K values for both wild type and mutant enzymes,
compared to the simple p-methoxy substituent (compound 19). Binding affinities of derivatives with
substituents at positions 3 and 4, compounds 23-27, in which one of these two substituents was long
alkoxy chain, improved the binding by about 5-10 folds against both wild type and mutant enzymes. In
Table 3, trimethoprim derivatives with aromatic substituents showed relatively more favorable binding to
both wild type and mutant enzymes, especially for compound 40 which is 2bout 30 and 60-200-fold
more effective than trimethoprim against wild type and mutant enzymes respectively as has been

5

reported in the previous study . In addition, the change from H to alkoxy group at m-position

improved binding affinity to both wild type and mutant enzymes (e.g. compounds 38-41) while the K,
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values decreased when the methoxy group (e.g. compounds 30 and 38) at this position was replaced
by ethoxy functionality (e.g. compounds 31 and 39). These results support our hypothesis concerning
the addition of more hydrophobic substituents to produce the optimal interaction and the important of
aromatic ring on the binding affinity.

An attempt to extend the aromatic side chain (Table 4), by increasing the number of carbon
atoms either of the alkyl (compounds 42-44) or ether chain (compounds 45-50), had no significant
effect on the binding affinity with the enzymes, compared to derivatives having aromatic substituents
without any extension as shown in Table 3. Derivatization at 6-position of pyrimidine ring by replacing
H atom with either methyl or ethyt group did not improve the binding affinity to wild type enzyme (Table
5). compared to those without 6-alkyl substituent (Table 3). However, in the case of compound 52,
small decreases in K, values were observed (compared to Tmp). These resuits might be due to steric
clash of the larger substituent with the benzyl group resulting in conformational change which affected
the binding affinity to the enzyme. Some of these compounds (i.e. 51-56) showed better binding
affinity, specifically with the mutant enzymes. The results described above implied that the alkyl group
at position 6 on pyrimidine ring played a significant role on the binding affinity with mutant enzymes.

In Vitro Antiplasmodial Activity. All compounds were also subjected to in vitro malaria
screening system against wild type and resistant Plasmodium falciparum parasites carrying various
mutation enzymes and some of these results are shown in Table 6.

Antiplasmodial activity (IC,, values) of compounds described in this study ranged in
micromolar regions. Aithough not as good as predicted according to the enzyme inhibition constants,
some exhibited IC,, values against both wild type and resistant parasites in low micromolar level (e.q.
compounds' 37-41). Correlations between antimalarial and inhibitory activities of these analogues are
shown in Figure 3, where upon log K, (of wild type, double, triple and quadruple mutant enzymes) were
plotted against their corresponding log IC,,. Figures indicated that antimalarial activity of almost all
compounds against wild type and resistant strains correlated linearly with the ability of these
compounds to inhibit wild type and mutant DHFRs. This implied that the drug target in the cell was the
enzyme DHFRs. However, lack of correlation between antimalarial and inhibitory activities of some
trimethoprim analogues were also observed. For example, compounds 33-36 showed better K, values
than Tmp for wild type enzyme but exhibited less potency in antimalarial activity against wild type
parasite. It has been reported'° that the ability to penetrate cellular membrane of DHFR inhibitors with
various side chain was not equal, thus the lack of correlation between DHFR inhibition and in vitro
antiplasmodial activity could be attributed to differences in absorption, distribution and metabolism 6f
drugs inside the cells. However, other factors such as secondary effects on other enzymes could not

be ruled out.
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Toxicity test of these compounds to evaluate the selective inhibition against three mammalian
cell lines, African green monkey kidney fibroblast (vero cells), human epidermoid carcinoma (KB) and
human breast cancer (BC) (Table 7). showed that the compounds are relatively non-toxic compared to

their activity against the malaria parasites.

Molecular Modeling of Binding of Trimethoprim Derivatives with pfDHFR.

in order to understand further the role of hydrophobic and aromatic substituents on the
binding affinity, molecular modeling of compound 40 (which showed high binding affinity to both wild
type and mutant enzymes) bound with both wild type and quadruple mutant enzymes were studied.
Predicted conformations of this compound in the active site pocket of wild type and quadruple mutant
DHFRs are shown in Figure 4.

In Figure 4a, the model showed that aromatic substituent of this inhibitor was stacked against
the phenyl side chain of Phe116 and formed pi-pi interaction. This interaction wouid lead to better
binding affinity of trimethoprim derivatives having aromatic substituents to both wild type and mutant
enzymes than that of the derivatives with alkoxy substituents. The additional three methoxy groups on
the benzyl substituent were in van der Waals contact with the amino acid residues, Pro113, Phe116,
Cys50 and Met55, near the entrance of the active site. The p-methoxy oxygen was positioned 3.27 A
from the side chain of Cys50 and could form H-bonding interaction. Although well‘documented
hydrogen bonds involving methoxy groups were rare, they were not entirely unknown Moreover, the
propoxy group at 3' position was bound closely to the side chain of lle112, Val 45and Leud6 with the
distances of 3.75 A, 3.54 A and 3.55 A respectively, close enough to be involved in van der Waals
interactions. This model supported the experimental data which showed very good binding to both
wild type and mutant enzymes. For the quadruple mutant enzyme (Figure 4b), the solved structure'®
showed significant movemeant of residues 48-51 and 164-166 which opened up the gap between
residues 50 and 164 in the active site. Accordingly, the distance between the inhibitor and the nearby
amino acid side chains in this mutant enzyme was larger than that observed in wild type enzyme. This
leads to the decrease in various interactions, for examples, H-bonding between the side chain of Cys50
and p-methoxy oxygen of benzyl substituent, van der Waals interaction of Met55 and methoxy group,
favourable stacking between aromatic ring and pheny! side chain of Phe1 16, and H-bonding between
backbone oxygen of Leu164 and 4-amino group of pyrimidine ring, which resulted in the reduction of
binding affinity between the inhibitor and the enzyme. '

Compounds with 6-alkyl substituents (52-56) showed relatively less decrease in binding

affinities with the mutant enzymes, and are therefore of higher potential interest. To study the effect of
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alkyl group at 6 position of the pyrimidine ring on the binding affinity, molecular modeling of compound -
53 bound to both wild type and quadruple mutant enzymes were therefore performed and results are
shown in Figure 5. Due to the steric interaction between alkyl group at 6 position and 5-benzyl group.,
the conformation of 5-benzyl moiety was adjusted in order to avoid this steric constraint and also the
aromatic substituent was repositioned. This phenomenon led to unfavorable stacking interaction
between the aromatic substituent and the phenyl side chain of Phe116 of the wild type enzyme,
resulting in the reduction of binding affinity of this inhibitor to the enzyme as compared with those
without 6-alkyl substituents (compound 30). For quadruple’ mutant enzyme (Figure 5b), there is
relatively more favorable stacking interaction between aromatic substituent and phenyl side chain of
Phe116 after the conformation adjustment of 5-benzyl moiety. Moreover, the additional methyl group at
position 6 on pyrimidine ring was in van der Waals contact with Leu46 and Met55. Al these
interactions led to better binding affinity of this inhibitor to the mutant enzymes.

Conclusion. The extension of hydrophobic side chain on 5-benzyl moiety of 5-benzyl-2,4-
diaminopyrimidine led to better binding affinity to both wild type and mutant enzymes than that of
trimethoprim, especially with benzyloxy substituents which were about 5-30 and 60-200 folds more
effective against wild type and mutant enzymes respectively. Some compounds (52-56) showed
relatively less decrease in binding affinities with the mutant enzymes, and higher antimalarial activities,
and are therefore of higher potential interest. These compounds also exhibited IC,, values against wild
type and resistant parasites at low micromolar level, which correlated well with their binding affinity.
Molecular modeling studies of pfDHFR bound with trimethoprim derivatives bearing aromatic
substituents showed the stacking of the aromatic substituent with the phenyl side chain of Phe116.
Evidently, this interaction led to better binding affinity to both wild type and mutant enzymes than those

derivative bearing alkoxy substituents.
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Experimental Section |

Methods and Materials

For the synthesis of Tmp analogues, solvents (DMSO, ethanol and dioxane) were dried
according to standard methods. Reagents were purchased from Fluka, Merck and Sigma-Aldrich Ltd.
and were distilled before use. For enzyme studies, chemicals were obtained from Sigma-Aldrich Ltd.,
Merck, and BDH and were used without further purification. Meiting points were determined by an
Electrothermal 9100 melting point apparatus and were uncorrected. Nuclear magnetic resonance
(NMR) spectra were recorded in DMSO-d; and CDCl, on a Bruker DRX 400 spectrometer; chemical
shifts are reported in parts per million (ppm) using TMS (0 ppm) as internal standard. Mass spectra
were recorded on a Micromass LCT using electrospray ionization technique. Elemental Analyses were
carried out using a Perkin-Eimer Elemental Analyzer 2400.
Chemical Syntheses of Tmp Analogues

Tmp analogues were synthesized by an improved method described in the previous study,'j
as shown in Scheme 1, and results are summarized in Table 1. General procedure for the syntheses of
long chain ether substitued benzaldehyde is outlined in Scheme 2.

Preparation of Compound 14

To a suspension of K,CO, (15.2 g, 0.11 mole) in DMF (10mL) was added a solution of 3-
substitued-4-hydroxy benzaldetyde (12, 0.1 mole) in DMF (10 mL). Afier the reaction mixture was
heated at 60°C for 30 min the solution of 3-chloro-1-propanol (13, 9.2 g, 0.11 mole) in DMF (5mL) was
added dropwise and the mixture was left stirring at 60°C overnight. The mixture was neutralized with
diluted aqueous HCI then extracted with CH,Cl,, dried over MgSO, and evaporated to dryness under
reduced pressure to yield the crude product as a yellow oil. The crude product was purified by column
chromatography (silica gel, 55% EtOAc/45% Hexane as developing solvent) to obtain the desired
product as a colorless oil.

4-(3-Hydroxy propoxy) benzaldehyde (14a, R = H) ; Colorless oil (13.7 g, 76%) : 'H NMR (400
MHz, CDCl,) d 2.02 (2H, quint, J = 6.10 Hz, CH,CH,CH,), 3.06 (1H, s, OH), 3.81 (2H, t, J = 6.09 Hz,
HOCH,CH,), 4.13 (2H, t, J = 6.11 Hz, ArOCH,CH,), 6.94 (2H, d, J = 8.64 Hz, ArH), 7.74 (2H,d, J =
8.65 Hz, ArH), 9.78 (1H, s, CHO)

3-Methoxy-4-(3-hydroxy propoxy) benzaldehyde (14b, R = OMe) ; Colorless oil (17.0 g, 81%) :
"H NMR (400 MHz, COCly) 0 2.15 (2H, tt, J = 6.0, 4.91 Hz, CH,CH,CH,), 2.40 (1H, bs, OH), 3.91 (2H, t,
J = 4.91 Hz, HOCH,CH,), 3.94 (3H, s, OCH,), 4.30 (2H, t, J = 6.0 Hz, ArOCH,CH,), 7.01 (1H, d, J =
8.07 Hz, ArH), 7.43 (1H, s, ArH), 7.47 (1H, d, J = 8.03 Hz, ArH), 9.87 (1.H. s, CHO) '

3-Ethoxy-4-(3-hydroxy propoxy) benzaldehyde (14c, R = OEt) ; Colorless oil (16.1 g, 72%) :
'H NMR (400 MHz, CDCl,) O 1.47 (3H, t, J = 6.98 Hz, OCH,CH,), 2.14 (2H, quint, J = 5.64 Hz,
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CH,CH,CH,), 2.730 (1H, t, J = 6.57 Hz, CH,0H), 3.91 (2H, dt, J = 5.57, 5.64 Hz, HOCH,CH,). 4.21 (2H,
g.J = 6.98 Hz, OCH,CH,), 4.29 (2H, t, J = 5.68 Hz, ArOCH,CH,), 6.99 (1H, d, J = 8.13 Hz, ArH), 7.40
(1H, d, J = 1.64 Hz, ArH), 7.44 (1H, dd, J = 8.13, 1.66 Hz, ArH), 9.85 (1H, s, CHO)
Preparation of Compound 15

To a solution of compound 14 (0.05 mole) in CH,CI, (5mL) and Et,N (9 mL) was added p-
toluenesulfonylchloride (14.3 g, 0.075 mole) a 0°C and the reaction was continuously stirred for 2 h.
After neutralization with diluted aqueous HCI, the reaction mixture was extracted with CH,Cl,, dried over
MgSO, and evaporated to dryness. Purification by column chromatography (silica gel, 25%
EtOACc/45% Hexane as eluent) gave compound 15 as a white solid. NMR spectra of compounds 15a-
15¢ indicated that they were of high purity, therefore compounds 15a-15¢ were used in the next step
without further purification.

4-{3-(4-Toluenesulfonyl) propoxy] benzaldehyde (15a, R = H) ; White solid (10.4 g, 62%) : 'H
NMR (400 MHz, CDCI,) S 217 (2H, quint, J = 5.40 Hz, CH,CH,CH,), 2.37 (3H, s, ArCH,), 4.06 (2H, t, J
= 5.39 Hz, ArOCH,CH,), 4.26 (2H, t, J = 5.38 Hz, CH,CH,080,), 6.88 (2H, d, J = 8.34 Hz, ArH), 7.25
(2H, d, J = 7.80 Hz, ArH), 7.76 (2H, d, J = 7.82 Hz, ArH), 7.81 (2H, d, J = 8.33 Hz, ArH), 9.90 (1H, s,
CHO)

3-Methoxy-4-[3-(4-toluenesulfonyl) propoxy] benzaldehyde (15b, R = OMe) ; White solid (10.7
g, 59%) : 'H NMR (400 MHz, CDCH,) 0223 (2H, tt, J = 5.87, 5.98 Hz, CH,CH,CH,), 2.38 (3H, s,
ArCH,), 3.88 (3H, s, OCH,), 418 (2H, t, J = 598 Hz, ArOCH,CH,), 4.30 (2H, t, J = 5.87 Hz,
CH,CH,CS0.,), 6.89 (1H, d, J = .13 Hz, ArH), 7.25 (2H, d, J = 8.10 Hz, ArH), 7.40 (iH. d, J = 1.31 Hz,
ArH), 7.43 (1H, dd, J = 8.10, 1.38 Hz, ArH), 7.77 (2H, d, J = 8.10 Hz, ArH), 9.87(1H, s, CHO)

3-Ethoxy-4-[3-(4-toluenesulfonyl) propoxy] benzaldehyde (15¢, R = OEt) ; White solid (12.5 g,
66%) : 'H NMR (400 MHz, CDCL) O 1.42 (3H, t ,J = 6.94 Hz, CH,CH,), 2.21 (2H, quint, J = 5.90 Hz,
CH,CH,CH,), 2.37 (3H, s, CH,), 4.08 (4H, m, ArOCH,CH, ArOCH,CH,), 4.29 (2H, t, J = 5.93 Hz,
CH,CH,080,), 6.87 (1H, d, J = 8.07 Hz, ArH), 7.23 (2H, d, J = 8.07 Hz, ArH), 7.37 (1H, s, ArH), 7.39
(1H, d, J =8.05 Hz, ArH), 7.75 (2H, d, J = 8.10 Hz, ArH), 9.85(1H, s, CHO)

Preparation of Compound 17

Compound 17 was prepared from substituted phenol (16) and chloropropanol (13) according

~to the procedure described for the synthesis of compound 14 and was purified by column

chromatography (silica gel, 60% EtOAc/40% hexane as eluent). Compounds 17a and 17b were of high
purity (NMR specira), therefore they were used in the next reaction step without additional puriﬁcation‘.

3-Phenoxy-1-propanol (17a, R’ = H) ; Colorless oil (10.5 g, 69%) : 'H NMR (400 MHz, CDCl,)
8 2.03 (2H, tt, J = 6.15, 6.20, Hz, CH,CH,CH,), 3.61 (1H, bs, OH), 3.82 (2H, t, J = 6.20 Hz, CH,CH,OH),
4.07 (2H, t, J = 6.15 Hz, ArOCH,CH,), 6.97 (3H, m, ArH), 7.32 (2H, m, ArH)
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3-(2,4,5-Trichlorophenoxy)-1-propanol (17b, R = 2,4,5-trichloro) ; Colorless oil (18.4 g, 72%)
'HNMR (400 MHz, CDCI,) 8 2.09 (2H, &, J = 5.97, 5.78, Hz, CH,CH,CH,), 2.42 (1H, bs, OH), 3.88 (2H,
t,J =5.78 Hz, CH,CH,0OH), 4.15 (2H, t, J = 5.97 Hz, ArOCH,CH,), 7.0 (1H, d, J = 4.64 Hz, ArH), 7.42
(1H, d, J = 4.64 Hz, ArH)

Preparation of Compound 18

To a suspension of NaH (0.92 g, 21 mmole) in DMF (2 mL) at 0°C was added a solution of
alcohol 17 (20 mmole) in DMF (3 mL) and the reaction mixture was left stirring at 0°C for 30 min then the
solution of aldehyde 15 (21 mmole) in DMF (5 mL) was added. After continuous stirring at 0°% for 2 h,
the reaction mixture was carefully neutralized with diluted aqueous HCI solution, extracted with CH,CI,,
dried over MgSO, and evaporated to dryness. Purification by column chromatography (silica gel, 40%
EtOAc/75% hexane as eluent) gave pure compound 18 as a colorless oil.

4-[3-(3-Phenoxy-propoxy)-propoxy) benzaldehyde (18a, R = R’ = H) ; Colorless oil (2.4 g,
38%) : 'H NMR (400 MHz, CDCl) & 2.08 (4H, m, 2xCH,CH,CH,), 3.65 (4H, t, J = 6.01 Hz,
2xOCH,CH,), 4.06 (2H, t, J = 6.22 Hz, ArOCH,CH,), 4.15 (2H, t, J = 6.29 Hz, ATOCH,CH,), 6.89 (2H, d,
J=8.3Hz, ArH), 6.97 (3H, m, ArH), 7.28 (3H, m, ArH), 7.82 (2H, d, J = 8.4 Hz, ArH), 9.89 (1H, s, CHO)

3-Methoxy-4-[3-(3-phenoxy-propoxy)-propoxy] benzaldehyde (18b, R = OMe, R = H) :
Colorless oil (2.5 g, 36%) : 'H NMR (400 MHz, CDCl,) § 2.01 (2H, quint, J = 6.42 Hz, CH,CH,CH,), 2.13
(2H, quint, J = 6.19Hz, CH,CH,CH,), 3.62 (4H, m, 2xOCH,CH,), 3.86 (3H, s, OCH,), 4.02 (2H, t, J =
6.16 Hz, ArOCH,CH,), 4.18 (2H, t, J = 6.43 Hz, ArOCH,CH,), 6.91 (3H, m, ArH), 7.25 (3H, m, ArH), 7.37
(2H, m, ArH), 9.81 (1H, s, CHO) |

3-Ethoxy-4-[3-(3-phenoxy-propoxy)-propoxy] benzaldehyde (18c, R = OEt, R' = H) ; Colorless
oil (3.8 g, 41%) : 'H NMR (400 MHz, CDCl,) S 1.46 (3H, t, J = 6.89 Hz, CH,CH,), 2.04 (2H, quint, J =
6.05 Hz, CH,CH,CH,), 2.13 (2H, quint, J = 6.07Hz, CH,CH,CH,), 3.64 (4H, m, 2xOCH,CH,), 4.03 (2H, t,
J =6.06 Hz, ArOCH,CH,), 4.12 (2H, q, J = 6.90 Hz, OCH,CH,), 4.18 (2H, t, J = 6.06 Hz, ArOCH,CH,),
6.90 (3H, m, ArH), 7.26 (3H, m, ArH), 7.39 (2H, m, ArH), 9.82 (1H, s, CHO)

4-{3-[3-(2,4,5-Trichlorophenoxy)-propoxy]-propoxy} benzaldehyde (18d, R = H, R’ = 2,4,6-
trichloro) ; Colorless oil (3.9 g, 48%) : 'H NMR (400 MHz, CcDCl) 0 2.08 (4H, m, 2xCH,CH,CH,), 3.63
(4H, m, 2xOCH,CH,), 4.10 (4H, m, 2xArOCH,CH,), 6.94 (2H, d, J = 8.75 Hz, ArH), 7.27 (1H, s, ArH),
7.39 (1H, s, ArH), 7.80 (2H, d, J = 8.70 Hz, ArH), 9.88 (1H, s, CHO)

3-Methoxy-4-{3-[3-(2,4,5-trichiorophenoxy}-propoxy}-propoxy} benzaldehyde (18e, R = OMe,
R’ = 2,4,6-trichloro) ; Colorless oil (4.6 g, 51%) : 'H NMR (400 MHz, CDCly) & 2.10 (4H, m, 2x
CH,CH,CH,), 3.65 (4H, m, 2xOCH,CH,), 3.88 (3H, s, OCH,), 4.14 (4H, m, ArOCH,CH,), 6.89 (1H, m,
ArH), 6.94 (1H, s, ArH), 7.37 (2H, m, ArH), 7.42 (1H, s, ArH), 9.82 (1H, s, CHO)
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3-Ethoxy-4-{3-[3-(2,4,5-trichlorophenoxy)-propoxy]—propoxy} benzaldehyde (18f, R = Oft, R' =
2,4,6-trichloro) ; Colorless oil (4.2 g, 45%) : 'H NMR (400 MHz, CDCl,) O 1.46 (3H, t, J = 6.98 Hz.
CH,CH,). 211 (4H, m, 2xCH,CH,CH,), 366 (4H, m, 2xOCH,CH,), 4.06 (2H, t, J = 6.1 Hz,
ArOCH,CH,). 4.13 (2H. q. J = .99 Hz, OCH,CH,), 4.18 (2H, t, J = 6.14 Hz, AOCH,CH,), 6.91 (1H, m,
ArH), 6.94 (1H, m, ArH), 7.40 (2H, m, ArH), 7.46 (1H, s, ArH), 9.83 (1H, s, CHO)

Enzyme Preparation.

The wild type and mutant pfDHFR enzymes were expressed in E. coli BL21(DE3)pLysS
according to the procedure previously described.”' After disruption of the bacterial cells by a French
Pressure Cell at 18,000 psi, the crude extract in 20 mM potassium phosphate buffer at pH 7.0, 0.1 mM
EDTA, 10 mM DTT, 50 mM KC! and 20% viv glycerol was applied to Methotrexate-Sepharose column,
and the pfDHFR was purified according to the procedure described. 5%

Enzyme Assays and Inhibition by Antifolates and Derivatives.

The methods used for determination of pfDHFR activities and for the study of inhibition by antifolates
and derivatives were described previously.'f"21 Calculation of K, values was based upon the
assumption that the inhibitors compete for substrate binding to the active site of the enzyme.

Parasite Culture and Antimalarial Testing In Vitro.

Four P. falciparum strains were used in this study. Strains TM4/8.2 (Wild type DHFR) and
K1CB1 (C59R+3108N) were generous gifts from S. Thaithong, Department of Biology, Faculty of
Science, Chulalongkorn University; Csl-2 (C59R+S108N+1164L), from A. Cowman WEHI, Australia, and
V1/S (N511+C59R+S108N+I164L) from D. Kyle through MR4. These parasites were maintained

continuously in human erythrocytes at 37 a9AWIAEYA& under 3% CO, in RPM! 1640 culture media

supplemented with 25 mM HEPES, pH 7.4, 0.2% NaHCO,, 40 Ug/mi gentamicin and 10% human

3
serum.”®  In vitro antimalarial activity was determined by using [ H]-hypoxanthine incorporation method

24 . . . 521
as described in detail elsewhere.'*?

Cytotoxicity tests of selected analogues against African green monkey kidney fibroblast (Vero
cells), human epidermoid carcinoma (KB) cells, and human breast cancer (BC) cells were performed at
the Bioassay Research Facility of the BIOTEC Center, NSTDA, according to the protocol described by
Skehan et al (1990).%°
Molecular modeling

Sine the structure of pfDHFRs ha\}e already been solved, these enzymes were used for the
molecular modeling study. The force field AM1 in the Semi-empirical method of the program
Hyperchem 7 was employed and the structure of small molecules (inhibitors) were geometrically
optimized to a gradient of 0.001. The inhibitor was modeled as protonated state at N1, as evidence by

the NMR studies of both pfDHFR-bound and free states of pyrimethamine, of methotrexate and
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trimethoprim. The inhibitor was docked into the active site of pfDHFR in which the protonated amino

SERITIN IR TWRIRROIE WA ST Hoshioh SHSH T mietachon win ine catooxy)ate $ide cnain

of aspatate 54 (D54). Five thousand steps of minimization on the complex, which included the inhibitor,

NADPH, and all protein residues located within 7 A from the inhibitor, was performed on Silicon Graphic

using Insightll program and molecular mechanics (MM2) force field.
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Table 7 Cytotoxicity of Tmp Analogues to Mammalian Cells

Cpd vero cells KB cells BC cells
(M) (M) (LM)
Tmp’ >50 >250 >250
19 >50 >50 >50
20 >50 >50 >50
21 >50 >50 >50
22 >50 T >50 >50
23 >50 >50 >50
24 >50 >50 >50
25 >50 >50 >50
26 >50 >50 >50
27 43 >50 39
28 >50 >50 >50
29 >50 >50 >50
30 >50 >50 >50
31° >250 47 100
32 >50 >50 33
33 >50 >50 >50
34 >50 >50 >50
35 38 >50 >50
36 >50 >50 >50
37° >250 >250 >250
38 >50 >50 >50
39° 34 102 139
40° 13 108 56
41° | >50 >50 16
42 >50 37 >50
43° 200 72 32
44 - >80 >50 >50
45 >50 >50 >50
46 45 26 26
47 >50 >50 >50
48 37 >50 >50
49 >50 >50 >50
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50
51
52
53
54
55
56
57

>50
32
46
>50
>50
>50
>50
>50

>50
>50
>50
>50
>50
>50
>50
>50

>50
>50
>50
>50
>50
>50
>50
>50

® Data from Ref. 13.
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Figure legends

Figure 1

Figure 2

Figure 3

Figure 4

Figure 5

A predicted conformation of Tmp in the binding pocket of wild type P. falciparum DHFR :
(a) Showing overall folding of the enzyme; (b) Showing the conformation of Tmp with
NADPH; (c) Superimposition of Tmp(red) and WR39210(green).

Tmp in the binding pocket of pfDHFRs with selected amino acid residues : (a) wild type; (b)
quladruple mutant.

Correlation between : (a) logK, wt and IC,, TM4/8.2; (b)  logK; C59RS108N and IC,,
K1CB1; (c) logK, C59RS108NI164L and IC,, Csl-2 - ; () logkK,
NS1IC59RS108NI164L and IC,, VI/S.

Compound 40 in the binding pocket of pfDHFR with selected amino acid residues : (a) wild
type; (b} quadruple mutant.

Compound 53 in the binding pocket of pfDHFR with selected amino acid residues : (a) wild
type; (b) auadruple mutant.
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‘up” conformation  ppese Asp54

(b) (c)

Figure 1 A predicted conformation of Tmp in the binding pocket of wild type P. falciparum DHFR : (a)
Showing overall folding of the enzyme; (b) Showing the conformation of Tmp with NADPH;
(c) Superimposition of Tmp(red) and WR99210(green).
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Ser108 Ser108

M o M
i Asn108 ; Asn108
Leu164 Leu164 ( b)

Figure 2 Tmp in the binding pocket of pfDHFRs with selected amino acid residues : (a) wild type; (b)

quadruple mutant.
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iogKi wt ‘ logKi C59RS 108N
2% (a) (b)

40,
150 . a0
oo ‘ J : -
LARTI i 200 I\‘ P S
. I (4 R *
ofm. ."":‘:,00 e | } e S Mg : o
A% 100, ;6&0?‘_3_';533:0 050°* 10 1% 200 | ]} 1300[ T e
|
10gICso TM4/8.2 | | omol I
50! ; | aw aso 100 150 20 250
50/ f 5 IOQ‘CSO K1CB1

" logKi C59RS108NI164L (©) : logKi N51IC59RS108N1164L (d) 3

5.00 - | | 500 ]

4.00 - ; 4.00 1 : .

| ¢ . .3 P . . AV
T e e arett X . L XY o

e R o > j , compnttod
! 200 1‘ .2 T 1 . 2.00 e e

1.00 4 1.00 1
i 0.00 J‘ . 0.00 R i
000 0.50 1.00 1.50 2.00 2.50 0.00 0.50 1.00 1.50 2.00 250 |
! 1091Cso CSI-2 | ioglCso VIS

Figure 3  Correlation between : (a) logK wtand IC,, TM4/8.2; (b)  logK, C59RS108N and ICy,

K1CB1; (c) logK, C59RS108NI164L and IC, Csl-2 ;(d)  logK
N51IC59RS108NI164L and IC,, VI/S.
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Figure 4

lle112
C P
Leut64

wild type; (b) quadruple mutant.
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lle14

lle112

. b)
Figure 5 ( 7 Leu164 ; Leu164 (

residues : (a) wild type; (b) quadruple mutant,
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Scheme 1

CHO R NC R
+ /—\ ]\ NaOMe /
; R? “bmMso  OTR* R2

RS R3
4 5§ (R}=H) 9 (R* = alkyl
8 (R*=alkyl) ( v
NaOMe / CHoNo /
DMSO Dioxane
NC R! NC R!
l l
6 (R*=H) 10 (R* = alkyl)
NH  pmso/
HoN" "NH,, EtOH
NH,
.
N R
)\N/kR4 Ao
R3
7 R*=H)
11 (R* = alkyl)
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Scheme 2

OHCC[R + oy KOOSDME. OHC\E:[R TsCl, 0°C OHC\QR
OH A O™"0OH Et3N, CH,Cl, 0>"0Ts
12 13 14 15
KCO3DMF, L. :
R,_@\ o~ : R —©\ NaH, DMF, 0°C
oH Cl OH A O ™~"0H
16 13 17

OHCC[R
_R'

18

105



Cl

Cl

Cyc, 2

NH,

OMe
OMe

X
—
N

I
HZNJ\

3OMe

Tmp,

106



AMANUN N.

« f -JoL & % a Py a
mﬂﬂiznﬂumm@ﬁ‘mitmuma6] Aldlunisiasa ARUNTE LEANATHTUAUDIDIUNG
1. Potato Dextrose Broth (PDB)

Potato, infusion 200.00 g
Glucose 20.00 g
D.W. 1000 mi

2. M102 Medium

Sucrose 30.00

g
Malt Extract 20.00 g
Bacto-peptone 2.00 g
Yeast Extract 1.00 g
KCl 0.50 g
MgSO,.7H,0 0.50 g
KH,PO, 0.50 g
D.w. 1000 mi

3. Peptone Yeast Glucose Medium (PYGM)

Bacteriological Peptone 5.00 o]
Yeast Extract 20.00 o]
Glucose 10.00 g
KH,PO, 1.00 g
MgS80,.7H,0 | 0.50 o]
D.w. 1000 mi
4. Minimum Salt Medium (MM)
NH,NO, 3.00 g
Glucose 20.00 g
KH,PO, 0.50 g
NaH,PO, 0.50 g
MgSO,.7H,0 0.50 g
CaCl, 0.50 g
Yeast Extract - 1.00 g
D.w. 1000 mi

5. Sabouraud's Dextrose Broth (SDB)

Peptone 15.00 g
Glucose 20.00 ¢]
D.W. 1000 mi
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6. Bacto-Malt Extract Broth (MEB)

Malt Extract 6.00
Maltose 1.80

Dextrose 6.00
Yeast Extract 1.20
D.W. 1000

7. YES (Yeast Extract Sucrose)

Yeast Extract 20.00
Sucrose 50.00
DW 1000

8. Czapex dox medium

NaNO, 3.00
K,HPO, 1.00
MgSQO,.7H,0 0.50
FeSO,.7H,0 0.01
KCl 0.50
Sucrose 30.00
DW 1000

9. Bio 19 (Walcsman media) pH =7.0

Giucose 20.00
Peptone 5.00
Dry yeast 3.00
Meat extract 5.00
NaCl 5.00
CaCo, 3.00
bW 1000

10. Bio 20 (Starch-yeast extract media) pH =7.0

Starch 24.00
Glucose 1.00
Peptone 3.00
Yeast extract 5.00
Meat extract 3.00
CaCo, 4.00

Dw 1000 ml
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11. Bio 21 (Inorganic salts-starch media ) pH =7.2

Starch soluble
K,HPO,
MgSQo,.7H,0
(NH4),80,
NaCl

CaCO,

Dw

1.00

10.00

1.00
2.00
1.00
2.00
1000
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NMANULIN 1.

_ msmsmﬂaqugﬁwﬁg@m (Antifungal assay)

] [
ol alaia

az1433 soluble formazan assay Tt Anssseuv IR nITaREa AnTInes Inedatas 1y

96-well microculture plate Teaza1N1TaRMAgeLnnElunsFiTarsesssidafasuanssinetng 334

ol o ala

aziflunsmsrrasuneadidaiFindeanisawldsuans XTT (tetrazolium reagent) ¥iflugans formazan
prp

7idid (1) duandluuaunmdieansil aadilineasinliiied Teeunsansaseuldlaunsianisga

- o -
NAUUAINAINENIIAAY 450 W1 TUINAS

NO, NG
HaC sQ
S :
0 S0, .
H
NADH AN
Q N %L °
N
)\_</ | - _NH
Sk s N .
NAD+ N N sQ
J@( ® YKN/
C|> NO, P o
NQ
L 7

CH
XTT formazan

XTT tetrazolium

(colorless)
(orange)

wnngme @ XT7 = 2,3-bis-(2-methoxy-4-nitro-5-suifonylphenyl)-5-((phenylamino)carbonyl)-2H-tetra-

zolium hydroxide

[ 73 Al v z [} v . [] .I’
wen@anluavnaanadelneldansisesnimaaay udq incubate 1 37 avrnadua 4 oluq
Wiy ldansazanenanaes XTT aAvndindu 1 mg/ml uaz 0.025 mM N-methylphenazolium methosulfate

(PMS) 04 50 LU W& incubate s 4 4aTe wdsnuuin U nsganfuuasi 450 untuuns 14

Amphoteracin B Wlufaaruguuauanuar DMSO wsapruaunasy

NTATIARAUANBAULIARNEITS (Anticancer assay)

A4 colorimetric method %qmmmmquﬁrﬁmu:ﬁqmﬁwa’nmﬁm‘naﬁﬁﬁqmﬁ%mmaaﬂfﬂu
ﬂmq:ﬁﬂa'ﬁﬁq'mj'\dﬂﬂm?ﬁﬂuaml'qmummwmmaﬁuﬁﬁmm?qmnﬁuumul'i'ﬂmﬁﬂuﬁutﬁﬂ‘h.iﬁm?ﬁq
ata (2) WeAnmusrRemsFhatremaByRLinteated Tnefituasudnnimialufd

ANz FlunsdAnenie ks (epithelial carcinoma of oral cavity) Wa¥ BC (breast cancer)

wasoUqVainanaNaadsie (1 x 10° cells/m) wazAsfifasmmasellue I RELTAE
(media) Wiflamadnduresanssineiy (wo-fold dilution) Tneld DMSO iusvnarane lu Microplate
u&1 incubate Tu CO, incubator 37 avAadus s 3 fu aamfudin 50% Trichloroacetic acid
(TCA) futidiu ut Microplate Wiy 4 avrraden w30 Uil udadsdiatinazena 4 afe ROl
utke Asflendian 0.05% sulforhodamine B T 1% acetic acid Rty 30 Wi &1adae 1% acetic acid 4 A%

MWW udandin 10 mM Tris-base pH 10 udd  shldgudimeganfuuasi 510 untums
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MIELATEY ELISA Microplate Reader AmanuauazajlgnizesasianufanfiauAnsganauuasiidn
IHanuquiifiansiuvquatuandeliiarsfiieanmesey  Inunmasewnaisdfildaziiudiedoan
mMsvinsnaseustey 3 AR Ranudindwdenm ynnismaaesald ellipticine uax doxorubicin 1

raatuAuEaLIn uarld DMSO WuspluAuLaaL

nsngiagauguamulaianalsadu (Anti-HSV-1 assay)

lun1avaseuqvdvasanssiedn HSV-1 axld colorimetric method (2) Fammmasaugrisuioa
aAudnnsimadisimiiinmaenyuannsiiniafauasansietrelnemsties@iummiunne
wadudoinnisganduuaanBrudeuiudielifismsetwiiliieey  WeAnsuaresansiiatinsia
viral infection TnefiRFuazudnnsvia U]

LiaildlunsinmAe HSV-1 (KOS strain); wadRlddmiudnadelaiafa Vero cell fine
(African green monkey kidney cell line) iﬁlugﬂxﬂu Eagle's minimum essential medium (MEM) V;Lﬁu heat-
inactivated fetal bovine serum (FBS) 10% uav antibiotics

veaauqslnguanlafalinBunm 30 PFU uazasiidesmemaseuluemnadeased Wil
adureensinefu (wo-fold dilution)  Taeld DMSO (flusfavnazany  Weldideaad vero
Microplate U2 incubate 14 CO, incubator 37 avAugadaa Whioat 3 44 uddin 50% Trichloroacetic
acid (TCA) futifiu w1 Microplate Wdifiu 4 asrtadea w30 il Ewdaetiazenn 4 afe RalAlH
utka Adianding 0.05% sulforhodamine B lu 1% acetic acid #1414 30 w#t &nedaer 1% acetic acid 4 A
AWK ud2uFin 10 mM Tris-base pH 10 fn"mmma‘qmnﬁuumﬁ 510 whums Fooieies ELISA
Microplate Reader u&rAmnnmauazaqLqniesasinafoudiousimsganiunasiinldanuguid
m?ﬁuuquﬂququ%q1ﬂﬁaﬁiﬁqaﬂﬁq Tmammmaamnﬂ;*qmﬁ"lﬁqxtﬂummﬁﬂmnm?ﬁ'\mmﬁaﬂmma
Yoy 3 Axe AasmdduAeaty uazNNIMAaREly acyclovir ilusAuANKALIN WAL DMSO s
AILANNARL

o maial

X L - x 1] o - U
uananifanmsasuanuiiufmilewuredrsss host cell Inavinnismaassfedsnnann it
173 1 J 1 . X -
siuus e host cell RLUTINNT infect daenaala

LBNANTENNES

1. Scudiero DA, Shoemaker RH, Paull KD, Monks A et al. Evaluation of a soluble
tetrazolium/formazan assay for cell growth and drug sensitivity in culture using human and other
tumor celt lines. Cancer Research 48: 4827-4833; 1988

2. Skehan P, Storeng R, Scudiero D et al. New colorimetric cytotoxicity assay for anticancer-drug
screening. Journal of Natural Cancer Institute 82: 1107-1102; 1990 .

3. Stebbins J and Debouch C. A microtiter colorimetric assay for the HIV-1 protease. Analytical

Biochemistry 248: 246-250; 1997

111



msmmmnqw’éﬁmwaéusﬁa NCI-H187 (Anticancer assay)

IRANZI5Y NCI-H187 (Human small celi fung carcinoma) Lflutﬂmﬁﬁﬁﬂmﬂuﬁmﬂﬁmm:ﬁu
MTUL (nonadherent cell line) mimqqafaumqvn“ﬁrﬁ”nuuzt?qﬁq‘lﬁimamimm@mummﬂﬁﬁﬁ%ﬁmqLﬁﬂ
1Ffuanssnatnalag 149 formazan assay Famadazanunsonlasuans MTT (tetrazolium reagent) Wty
ans formazan #i1a Wne Wiawlmed mitrochondrial dehydrogenases Fauanaluusnndnaanal el

AeRsyin WAALAN formazan AiTIA Teanunsonsasaauldlaanisdanisgandunasiinn nennniu 570 w

sy

N\
/1
N* NADH
N N

e
s/ N @/L% A
CH; NAD+ SI
CH
MTT tetrazolium MTT formazan
(yellow) (purple)

Note: MTT = 3-(4,5-dimethyithiazol-2-y!)-2,5-diphenyitetrazolium bromide

nsnaaauAzitlunIAngH 96-well microculture plate Feazaunsonmasaugns lunesu
aduzSarasansinateliafiazuans 4 et AnnsmmassuGudaannideasad NCI-H187 lu
2131 ATad RPMI 1640 i 10% Fetal calf serum udaldansidasnimagauadll anuinly
incubate Tugingruuni 37 sadtadas 5% CO, \luan 554 AuAnaisazate MTT avudindiu 1
mg/mlFane 50 LU aall %u foil uda incubate fagin 4 Falue i liuiiaage 200 x g 5 udn
AARNTAZANY MTT 88N AMniuazanen@n formazan #9t 100% DMSO 151704 200 Ul UA Sorensen’
glycine buffer 51t 25 LU uz‘w’ﬁqﬂﬂﬂﬁmr-hm?qmnﬁuumﬁ 570 urtuwms 14 Ellipticine Wludamau
ANNALAN AT 10% DMSO lufnAiununaay WewnsAeaad (RPMI 1640 + 10% Fetal calf serum)

A i - x -~ o~
({lu Blank iiauBuufiaL@niiazwainuijizen

n1snadauunlIds anti-Mycobacterium tubercuosuis 1re28 Microplate Alamar Blue Assay (MABA) (1)
114@'114%&\1“1.!1] 96 vQN tﬁufx’me%uﬁ sterile 'luumﬁ‘ﬂuuﬂn‘nmmutﬂﬂﬁ'umﬁ:mwamqu
wmaaumu’lumsi'm:wmmufmagj'luu?'\ﬁ sterile w3aaglu DMSO argnuaniu Middlebrook 7H9 media
’fidﬁ 0.2% viv glycerol Uar 1.0 g/l casitone (THIGC) Mm‘fuﬁ'\ twofold dilutions 11.!931114"3:4‘?1"14'] Tnenan
U 0.1 ml 198 7HIGC
amaninda M. tuberculosis Frmenuasududilfin@aats 1:1000 1 7HOGC wéafin 0.1 mi

[} - . 1} H J [} X
asluusiazuquin il bacteria 5x10° CFU/MI 1w vauazflusaisiaznaseulaelifize
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M. tuberculosis \anaaaudnatsanunsadaud Alamar blue 1vdeli dowlunqueacunn B acfius

bacteria Vin1iu uazlumauauan M aziius media windu aantuiuauliii 37 esmusadua auleiui

6 AUFN 20 LU of Alamar Blue solution A% 12.5 LUl 183 20% Tween 80 uaziiulii 37esmaaidua 8n
P al - ' ° v ' v v oo a

24 1. Wegnswlasugan@iiu@auy nsuAl MIC 1esasinvualiann Arpandinduinfigaaes

ansfartlesiunisdsudly Tnefinaseuiueialiniuannanis screening nA% anvildde Rifampin,

Isoniazid (tar Kanamycin

{ONAIANIES
1. Collins K and Franzblau SG. Microplate Alamar Blue Assay versus BACTEC 460 System for High-
Throughput Screening of Compounds against Mycobacterium tuberculosis and Mycobacterium

avium. Antimicrobial Agents and Chemotherapy 1997;41;1004-1009

NMEATIANTAIEITAIULTDIAITE Plasmodium falciparum luaTuNas8s
&y o
DNAREWTBNWALTY Plasmodium falciparum
o X P a - cal - -
namzidsden T ludinlalinuasaystnguugll 37 asmuaadas s 3% CO, daw
L7 X 1 .
2MNAALNTE RPMI 1640 7l 25 mM HEPES, pH 7.4, 0.2% NaHCO,, 40 [lg/ml gentamicin uat 10%
H -1 z L o X
serum agdiasiinsulatuensdreantenniu uazihrssdunmulefifusifresdelsdnsaundes

qanssA (1lBNA1TE1NB 1)

v ¥
NISASIANSBIATRNITaNAN Te
watsanaldannvieqfuvitdunaraiesion 100% DMSO Arnudinduinvunzay (11 20 nrv

- -y X y v ey " N X dy -
ua) waziRaanlua i nResndennanudniuifasmmegeuscaamnnfeaden il serum wazAau
o o~ ' i -~ 3 .
ANLENTL DMSO TNaNTaraufinatineiiiaaa’auda 25 U a3 96-well plate uazifinia P. falciparum 200

; L - - v .
Qi luusiazvan (1%parasite, 1.5%cell suspension, 0.1%DMSO) amfurinded 37aertaden Twdhin

4 d < Loy iy , o o oa -
18998 3% CO, aan 24 Falie amiwilliannsetsentaatielnts LDH assay (§uiLl pre-

o a3

N ) 7 o’ 1] H z N ]
screening fiusatinaiifaniTesaes lab Fermentation Technology fludaulug)) vieds °H-

J 1 J o« o~ L1
hypoxanthine (tWa'l¥en IC,, MdFuufieunalusziuana) Al

n. Adndulniuamemalalasiug (pfLDH assay) (1langnsgnega 2-3)

nﬁ’qmnﬂumﬁuL‘l‘fammfs'v'lué’ﬂut%atﬂumm 24 F2li dhensuanFananann 20 J diese 96
well plate UR2FNRITALATY LDH assay 120 U (20 mM Tris pH9.2, 100 mM lactate, 0.5 mM APAD,
0.05% TritonX-100, 21 M PES uae 170 M NBT) uasiinluifuliidiafignugfivieaihiman 30 unii aan
Yuiin 5% acetic acid 100 LU L‘?‘iﬂuqmﬂﬁn‘“’:‘mué’qﬁﬂ'lﬂuﬂaua oD ,,, IntM4iAde4 Microplate reader

Taefl pfLDH activity 18 g lim@anunau’a 0%  parasitemia ilu Blank uax6in parasite #lifisen
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Structurally unique isocoumarin glucosides, named halorosellins A (1) and B (2), were isolated from the EtOAc
extract of a broth of the marine fungus Halorosellinia oceanica. Other new minor metabolites including 4,8-di-
hydroxy-6-methoxy-4,5-dimethyl-3-methyleneisochroman-1-one (3), 3-acetyl-7-hydroxy-5-methoxy-3,4-dimethyl-3H-
isobenzofuran-1-one (4) and an ophiobolane sesterterpene, 17-dehydroxyhalorosellinic acid (5), were also isolated.
Structures of these compounds were elucidated by analyses of spectroscopic data. Compound 4 exhibited mild

antimycobacterial activity (MIC value of 200 pg mL™").

Introduction

As part of our continuing search for biologically active
substances conducted at the National Center for Genetic
Engineering and Biotechnology,'* we have intensively screened
biological activities of extracts from plants and microorgan-
isms. Preliminary results showed that a crude extract of the
marine fungus Halorosellinia oceanica BCC 5149 exhibited
cytotoxicity against KB cells with an IC,, of 6.5 ug mL™!, and
this led us to isolate and identify biologically active principles
from this fungus.* The marine fungus Halorosellinia oceanica
is closely related to Hypoxylon oceanicum, from which several
interesting bioactive compounds were isolated,%® whilst the
fungus Halorosellinia oceanica has rarely been chemically
explored. We report herein our further study concerning the
isolation and characterization of two new isocoumarin gluco-
sides, named halorosellin A (1) and halorosellin B (2), together
with other new metabolites, 4,8-dihydroxy-6-methoxy-4,5-di-
methyl-3-methyleneisochroman-1-one (3), 3-acetyl-7-hydroxy-
5-methoxy-3,4-dimethyl-3H-isobenzofuran-1-one (4) and 17-
dehydroxyhalorosellinic acid (5), from the marine fungus H.
oceanica BCC 5149. Halorosellins A (1) and B (2) possess an
isocoumarin aglycone, whose structure is uniquely decorated
with a C-3 methylene group of an isochroman unit.

Results and discussion

A crude EtOAc extract of a culture broth (5 L) of H. oceanica
BCC 5149 was sequentially chromatographed by sephadex LH-
20 column and preparative HPLC (C,4 reversed phase column),
to yield halorosellin A (1) (1.87 mg), halorosellin B (2) (2.81
mg), compound 3 (2.17 mg), compound 4 (5.18 mg), and 17-
dehydroxyhalorosellinic acid (5) (1.32 mg).

The ESI-TOF mass spectrum of halorosellin A (1) gave a
molecular formula of 1 of C;,H,,0, [observed m/z 397.1500
(M + H)*, A +0.2 millimass units (mmu)]. The 'H NMR
spectral data (acetone-de—D,0 9 : 1) of halorosellin A (1)
showed three methyl groups (at &, 1.31, 2.10 and 3.90), exo-
methylene (at J;; 4.58 and 4.60), an aromatic proton signal (at

DOI: 10.1039/6207887m

dg 7.09), and a number of protons attached to carbons bearing
an oxygen atom (at oy 3.43-3.91). The 'H and *C NMR spectra
demonstrated the presence of a sugar unit in halorosellin A (1),
showing the characteristics of an anomeric proton and carbon
(at 5y 5.48 and 6 100.7, respectively). Analyses of the *C and
DEPT spectra of halorosellin A (1) revealed seven methine, two
methylene, three methyl, and seven quaternary carbons. The
HMQC spectral data of halorosellin A (1) assisted in the
assignment of protens attached to their corresponding carbon
(Table 1), while the ‘H-"H COSY spectrum demonstrated the
correlations from H-1' through H-6' and between H-4 and
H-10. The HMBC spectrum of halorosellin A (1) showed
correlations of H-9 to C-3 and C-4; H-10 to C-3 and C4a; H-4
to C-4a, C-5, C-8a and C-10; H-11 to C-4a, C-5 and C-6; H-7 to
C-5, C-6, C-8 and C-8a; and methoxy protons to C-6. Attach-
ment of the unsaturated C-3 to an oxygen atom in 1 was evident
from a downfield shift (at 6c 157.9) of its *C resonance. Based
upon these spectral data, the isocoumarin unit in halorosellin
A (1) was readily established, and the presence of an exo-
methylene moiety in the isocoumarin skeleton makes haloro-
sellin A (1) structurally unique. Assignment of the relative
stereochemistry of the sugar moiety in halorosellin A (1) was
accomplished by analyses of coupling constants and NOESY
spectrum. The J values of 3.6, 9.5, 9.3, and 9.4 Hz for Jy.4 1.2
Jg_r H-3" JH-S' Hed's and JH-4' H-5' indicated equatorial, axial, axial,
and axial orientations of H-1', H-2', H-3', and H-4', respec-
tively; this spectral data suggested that the sugar unit in 1 is a-
glucopyranose. Comparison of the *C NMR data of the sugar
unit in 1 with those in the literature® conclusively confirmed
the presence of a-glucopyranose in halorosellin A (1). The
positive optical rotation ([a]}) +203.03, ¢ 0.066 in EtOH) of 1,
together with the fact that p-glucopyranose was used:as a
carbon source in a culture medium for the fungus H. oceanica
BCC 5149, implied that the sugar in 1 is more likely to be a-D-
glucose. Acetylation of halorosellin A (1) with acetic anhydride
in pyridine afforded a tetra-O-acetate derivative 1a whose
NMR data fully supported the identity of a-D-glucopyranose in
1. On the basis of the described data, the chemical structure of
halorosellin A (1) was therefore secured.
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Table 1

'H (400 MHz) and “C (100 MHz) NMR spectral data of halorosellins A (1) and B (2)

Haloroscllin A (1)*

Haloroscllin B (2)©

C dc, multiplicity ® Jy, multiplicity, J in Hz d¢c, multiplicity® Oy, multiplicity, J in Hz

1 161.0, s — 161.0, s —

3 1579, s — 158.2,s —

4 35.6,d 401,q,7.0 35.1,d 4.10,q, 7.1
4a 1448, s — 1434,s —

5 116.9, s — 117.0, s —

6 164.1, s — 163.1,s —

7 100.8,d 7.09, s 101.5,d 6.73,s

8 160.2, s — 163.0,s —
8a 104.0, s — 100.0, s _—

9 94.3,¢t 4.58,brs 959,t 4.74,brs

4.60,brs 4.75,brs
10 21.6,q 1.31,4d,7.1 22.3,q 1.38,d,7.1
11 10.1,q 2.10,s 10.1,q 2.19,s
6-OMe 56.5,q 3.90,s —_ —
I 100.7,d 5.48,d, 3.6 98.3,d 5.68,d, 3.5
2 72.5,d 3.50, dd, 3.6, 9.5 72.8,d 3.63-3.74,m
3 74.8,d 391,dd,9.3,9.3 74.8,d 3.92,dd,9.0,9.0
4’ 70.6,d 3.43,dd,9.4,9.4 77.2,d 3.47-3.57, m
5’ 74.5,d 3.83,m 74.7,d 3.47-3.57, m
6 61.8,t 3.68,dd, 5.9, 11.9 62.1,t 3.63-3.74, m
3.8, m

6-OH —_— — — 10.92,s

“ Multiplicity was determined by analyses of DEPT spectra. * Acquired in acetone-de—D,0 (9 : 1). € Acquired in acetone-d;.

The 'H and “C NMR spectral data (acetone-d,) of haloro-
sellin B (2) were generally similar to those of halorosellin A (1),
except that the methoxy signal (at &y 3.90, s; ¢ 56.5) in 1 was
replaced by a hydroxy resonance (at 65 10.92, 5) in 2. A molecu-
lar formula of C,H,,0, for halorosellin B (2) was deduced
from the ESI-TOF mass spectrum [observed m/z 383.1355
(M + H)*, A +1.3 mmu], which indicated that halorosellin B
(2) was a desmethyl derivative of halorosellin A (1). In a similar
fashion to that of 1, protons and carbons in halorosellin B (2)
were successfully assigned by analyses of the "TH~'H COSY and
HMBC spectral data (Table 1), Important 'H-'*C long ranged
correlations (HMBC) of halorosellin B (2) are as follows: H-9
to C-3 and C-4; H-10 to C-3, C4 and C-4a; H-4 to C-4a, C-5,

2474 J. Chem. Soc., Perkin Trans. 1, 2002, 2473-2476

C-8a, C-9 and C-10; H-11 to C4a, C-5 and C-6; H-7 to C-5,
C-6, C-8 and C-8a; and hydroxy proton to C-5, C-6 and C-7.
The HMBC spectrum of halorosellin B (2) also showed the
correlation of H-1' to C-8, establishing the linkage between
a-D-glucose and the isocoumarin unit.

The structurally unique isochroman unit in 1 and 2 was
additionally confirmed by the presence of compounds 3 and 4
in the fungus extract. Chemical structures of the isomeric six
and five membered ring lactones, 3 and 4 respectively, were
closely related to an aglycone of 1 and 2. The 'H and *C NMR
spectral data of 3 were similar to those of the aglycones in 1
and 2, except that compound 3 possessed a singlet methyl (at
dy 1.67) instead of a doublet methyl as in 1 and 2 (at & 1.31
in 1 and 1.38 in 2). In addition, a quartet methine signal (at
dy 4.01 in 1 and 4.10 in 2) was absent in compound 3. The *C
and DEPT spectra indicated that C-4 (at . 72.0) in 3 was a
quaternary carbon attached to an oxygen atom. The ESI-TOF
mass spectrum established the molecular formula of 3 as
C.3HO; [observed m/z 251.0923 (M + H)*, A +0.4 mmu].
Protons and carbons in 3 were assigned by analyses of the
'H-'H COSY and HMBC spectral data. The HMBC spectra
of 3 demonstrated long-range correlations of H-9 to C-3 and
C-4; H-10 to C-3, C4 and C4a; H-11 to C-4a, C-5 and C-6;
H-7 to C-5, C-6, C-8 and C-8a; and methoxy protons to C-6.
Based on these spectral data, compound 3 was identified as 4,8-
dihydroxy-6-methoxy-4,5-dimethyl-3-methyleneisochroman-1-
one.

Compound 4 also exhibited the same molecular formula,
C3HOs, as that of 3 (observed m/z 251.0928 (M + H)*,
A +0.9 mmu). The '"H NMR spectrum of 4 showed four methyl
groups at dy 1.69, 1.97, 1.97 and 3.88, and an aromatic proton
at 3y 6.60. Protons and carbons in 4 were readily assigned by
analyses of the HMBC spectrum, from which the following
correlations were observed: H-6 to C-4, C-5, C-7 and C-7a;
H-11 to C-3a, C-4 and C-5; OMe to C-5; Me-9 to C-8; and
Me-10 to C-8, C-3 and C-3a. On the basis of these spectral
data, compound 4 was identified as 3-acetyl-7-hydroxy-5-
methoxy-3,4-dimethyl-3 H-isobenzofuran-1-one.

Compounds 1-4 possess the same aromatic part but different
lactone units; it is most likely that their biosynthetic pathways
are closely related. However, based upon the spectroscopic
data available, the absolute stereochemistry of compounds 1-4



could not be determined due to the limited amount of these
minor metabolites (major metabolites being halorosellinic
acid, 2-hexylidene-3-methylsuccinic acid, 5-carboxymellein and
cytochalasins).* The isocoumarins halorosellins A (1) and B (2)
might be biosynthesized from 1 via the intermediate IL>"! e g
a naturally occurring isocoumarin, sclerin A.'® Dehydration
followed by glycosylation of a sclerin A-like intermediate (II)
gives rise to the formation of halorosellins A (1) and B (2)
(Fig. 1). The presence of a C-3 methylene group on the iso-

(C4] [Cy]

[¢) HO
—_— OH
(o} (o] (o]
COzH
OH O
o}
-dehydration
-glycosylation
RO X

= O

OGlu O

1or2

Fig.1 Possible biosynthetic pathway of halorosellins A (1) and B (2).

chroman unit in 1-3 is exceptionally unique; this structural
feature has not yet been isolated from a natural environment.
Sarprisingly, the more stable isomer of the aglycone part,
e.g. compound 6, was not obtained from this isolation.

17-Dehydroxyhalorosellinic acid (§) was also isolated from
the culture broth of the H. oceanica BCC 5149, and identified
by analyses of spectral data as well as comparison spectral
data with those of halorosellinic acid.* The 'H NMR spectrum
(CDCl;) of 5 was similar to those of halorosellinic acid,*
except that a hydroxy signal (H-17) of halorosellinic acid
was replaced by a methylene resonance in 5. The molecular
formula of compound 5, C,sH,,0s, was obtained from the
ESITOF mass spectrum (negative ion), showing an accurate
mass of m/z 4152479 (M — H)", A —0.6 mmu]. These
spectral data indicated that compound 5 was a dehydroxy
derivative of halorosellinic acid, and identified as 17-dehydroxy-
halorosellinic acid. Analyses of 'H-'H COSY and NOESY
spectra of 5, in combination with spectral data corrzlation of 5
to those of halorosellinic acid,* led to the assignment of pro-
tons in 5, however, the *C NMR spectrum of 5 could not be
recorded due to the limited amount of the isolated substance.

Unfortunately, compounds 1, 2, 3 and 5 showed no biolcgical
activities (antimalaria, antimycobacterium, antivirus and
cytotoxicity against BC-1 and KB cells), while 4 exhibited only
mild antimycobacterial activity with the minimum inhibitory
concentration (MIC) value of 200 pg mL™".

Experimental
General

'H, *C, DEPTs, 'H-'H COSY, NOESY, HMQC, and HMBC
experiments were carried out on a Bruker DRX 400 NMR
spectrometer, operating at 400 MHz for protons and 100 MHz
for carbons. ESI-TOF mass spectra were obtained from a
Micromass LCT mass spectrometer, and the lock mass cali-
bration was applied for the determination of the accurate
mass. Optical rotations were measured on JASCO DIP 370

polarimeter, while UV spectra were recorded on a Cary 1E UV-
VIS spectrophotometer. Optical rotations are given in 107
degem?g 7',

Fungal material

The marine fungus H. oceanica BCC 5149 was collected from
Samutsongkram Province, Thailand, by Dr A. Piluntanapark,
identified by Professor E. B. G. Jones, and deposited at the
BIOTEC Culture Collection, Bangkok, Thailand (registration
no. BCC 5149). The fungus was grown in a potato dextrose
broth, and incubated for 5 days at 25 °C, then transferred into
250 mL of the same culture medium. The culture was sub-
sequently incubated (at 25 °C) for 21 days, and harvested for
further study.

Extraction and isolation

The culture (5 L) of H. oceanica BCC 5149 was filtered to
separate cell and broth. The culture broth was extracted twice
with an equal volume of EtOAc, and the EtOAc layers were
combined and evaporated to dryness. The crude EtOAc extract
(2.3 g) was subsequently chromatographed on Sephadex
LH-20 column, and eluted with MeOH to provide three major
fractions (Fr. 1-3). Fraction 2 was repeatedly purified on
Sephadex LH-20 column, using MeOH as eluent, to give five
major fractions (Fr. 2.1-2.5), which were further purified by
preparative HPLC. Separation of fraction 2.2 by preparative
HPLC (C,, reversed phase column, and MeCN-H,0 40 : 60 as
eluent) yielded 1.32 mg of 17-dehydroxyhalorosellinic acid (5).
Fraction 2.5 was purified by preparative HPLC (MeCN-H,0O
30 : 70 as eluent) to furnish halorosellin B (2) (2.81 mg).
Fraction 3 was rechromatographed on a Sephadex LH-20
column (MeOH as eluent) to give four major fractions (Fr. 3.1-
3.4), which were further purified by preparative HPLC.
Fraction 3.2 was subjected to preparative HPLC (MzCN-H,0
40 : 60) to afford halorosellin A (1) (1.87 mg), while fraction 3.4
was subsequently purified by preparative HPLC (MeCN-H,O
30 : 70), followed by semi-preparative HPLC with a solvent
system of MeCN-H,0 (70 : 30), yielding compound 3 (2.17
mg) and compound 4 (5.18 mg).

Halorosellin A (1). Amorphous solid; [a]® +203.03 (c 0.066,
EtOH); UV (EtOH) A, 222, 268 and 302 nm; ESITOF MS
miz 397.1500 (M + H)*, caled. for [C,,H,,0, + H]* 397.1498;
'H and "*C NMR see Table 1.

Halorosellin A acetate (1a). Amorphous solid; ESITOF MS
mlz 565.1940 [M + H]*, calcd. for [Co7H,;,0,; + HJ* 565.1921;
'"H NMR (CDCly) 64 6.59 (1H, s H-7), 5.94 (1H, d, J=3.7 Hz,
H-1'), 594 (1H, t, J = 9.5 Hz, H-3"), 5.22 (IH, ¢, 7= 9.7 Hz,
H-4'), 5.07 (14, dd, J = 3.5, 10.1 Hz, H-2'), 4.70 (1H, H-9a),
4.49 (1H, H-9b), 4.49 (1H, H-5"), 4.27 (1H, H-6'a), 4.09 (1H,
dd, J = 3.8, 12 Hz, H-6'b), 3.88 (3H, s, OMe), 3.80 (1H, q,
J=17.2Hz, H-4), 2.15 (3H, 5, H-11), 2.05-2.09 (12H, OAc), and
1.41 (3H, d, J=1.1 Hz, H-10).

Halorosellin B (2). Amorphous solid; [a]} +240.57 (c 0.140,
EtOH); UV (EtOH) 4, 218, 267 and 315 nm; ESITOF MS
miz 383.1355 [M + H]J*, calcd. for [C,sH,,0, + H]* 383.1342;
'H and C NMR see Table 1.

4,8-Dihydroxy-6-methoxy-4,5-dimethyl-3-methyleneiso- -
chroman-1-one (3). Colorless needles; [a]p +92.63 (¢ 0.048,
EtOH); UV (EtOH) 4,,, 218, 261 and 306 nm; ESITOF MS
miz 251.0923 [M + HJ*, caled. for [Cy;H,,Os + HJ* 251.0919;
'H NMR (acetone-dg) dg 6.53 (1H, s, H-7), 5.12 (1H, br s,
H-9a), 4.88 (1H, br s, H-9b), 3.94 (3H, s, OMe), 2.40 (3H, s,
H-11), and 1.67 (3H, 5, H-10); ¥*C NMR & 166.0 (s, C-6), 164.0
(s, C-8), 162.1 (s, C-3), 161.0 (s, C-1), 144.0 (s, C-4a), 117.0
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(s, C-5), 100.3 (s, C-8a), 98.7 (d, C-7), 95.1 (t, C-9), 72.0 (s, C-4),
56.6 (q, OMe), 20.1 (g, C-10), and 10.1 (q, C-11).

3-Acetyl-7-hydroxy-S-methoxy-3,4-dimethyl-3 H-isobenzo-

furan-1-one (4). Colorless needles; [a]f;’ +200.00 (¢ 0.050,
EtOH); UV (EtOH) 4,,, 216, 260 and 303 nm; ESITOF MS
miz 251,0928 [M + H]', caled. for [C(;H,Os + H]* 251.0919;
'"H NMR (acetone-dy) 8y 6.60 (1H, s, H-6), 3.88 (3H, s, OMe),
1.97 (3H, s, H-9), 1.97 (3H, s, H-11), and 1.69 (3H, s, H-10);
BC NMR 6 203.4 (s, C-8), 166.0 (s, C-5), 164.0 (s, C-1), 160.0
(s, C-7), 147.8 (s, C-3a), 113.0 (s, C-4), 103.5 (s, C-7a), 100.8 (d,
C-6), 90.3 (s, C-3), 56.6 (q, OMe), 23.6 (g, C-9), 20.2 (g, C-10)
and 9.9 (q, C-11).

17-Dehydroxyhalorosellinic acid (5). Colorless needles; [a]>
+42.42 (c 0.066, MeOH); UV (MeOH) 4, 210 nm; ESITOF
MS miz 4152479 [M — H]", caled. for [C;sH;0s — HJ”
415.2485; '"H NMR (CDCl;) 64 7.00 (1H, t, J = 6.3 Hz, H-18),
6.56 (1H, br d, J = 7.42 Hz, H-8), 5.37 (1H, br s, H-13), 3.80
(1H, H-16), 3.32 (1H, H-10), 3.32 (1H, H-6), 2.55 (1H, H-9p),
2.48 (2H, H-17), 2.45 (1H, H-2), 2.26 (1H, H-12p), 2.23 (1H,
H-15), 2.11 (1H, H-3), 2.11 (1H, H-5a), 2.11 (1H, H-9a), 1.88
(3H, s, H-24), 1.87 (1H, H-12a), 1.85 (1H, H-5p), 1.68 (1H,
H-4p), 1.57 (1H, H-18), 1.54 (1H, H-4a), 1.39 (1H, H-10), 1.10
(3H, d, J = 6.8 Hz, H-23), 0.90 (3H, d, J = 6.4 Hz, H-20), and
0.90 (3H, s, H-22).

Bioassays

Antimalarial activity was evaluated against the parasite Plas-
modium falciparum (K1, multidrug resistant strain), which was
cultured continuously according to the method of Trager and
Jensen.' Quantitative assessment of antimalarial activity in vitro
was determined by means of the microculture radioisotope
technique based upon the method described by Desjardins,
et al.” The inhibitory concentration (ICs) represents the
concentration which causes 50% reduction in parasite growth
as indicated by the in vitro uptake of [’H}-hypoxanthine by
P. falciparum. An ICg, value of 1 ng mL ™' was observed for the
standard compound, artemisinin, in the same test system. The
cytotoxicity of compounds 1-5 was determined, employing
the colorimetric method as described by Skehan and co-
workers." The reference substance, ellipticine, exhibited activ-
ities toward BC-1 and KB cell lines (both with the ICs, 0of 0.3 pg
mL~"). The antimycobacterial activity was assessed against
Mycobacterium tuberculosis H37Ra using the Microplate
Alamar Blue Assay (MABA)." Standard drugs, isoniazid and
kanamycin sulfate, the reference compounds for the antimyco-
bacterial assay, showed the minimum inhibitory concentrations
(MIC) of 0.040 -0.090 and 2.0-5.0 pg mL ™}, respectively.
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Hirsutellide A, a New Antimycobacterial Cyclohexadepsipeptide from the
Entomopathogenic Fungus Hirsutella kobayasii
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A new cyclohexadepsipeptide, named hirsutellide A (1), was isolated from a cell extract of the
entomopathogenic fungus Hirsutella kobayasii BCC 1660. The structure of 1 was elucidated by analyses
of spectroscopic data, and its absolute stereochemistry was addressed by the use of Marfey’s method.
Hirsutellide A (1) exhibited antimycobacterial and antimalarial activities, but was inactive toward the

Vero cell line (at 50 ug/mL).

The incidence of tuberculosis has rapidly increased
worldwide, particularly among those associated with HIV
infection. It is estimated that approximately one-third of
the global population is infected with Mycobacterium
tuberculosis and that seven to eight million new cases of
tuberculosis occur each year.! Development of new drugs
for use against the emerging drug-resistant strains of M,
tuberculosis is therefore urgently needed. As part of our
continuing search for biologically active compounds from
plants and microorganisms,2 we report herein a new
antimycobacterial cyclohexadepsipeptide, named hirsutel-
lide A (1), from a ceil extract of Hirsutella kobayasii BCC
1660. It should be noted that entomopathogenic fungi of
the genus Hirsutella have rarely been chemically explored;
only a toxic polypeptide, hirsutellin A, has been reported

to date.3
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Hirsutellide A (1) was obtained as an off-white solid. Its
IR exhibited characteristic stretchs of an amide NH (3292
cm™Y), an ester carbonyl (1752 cm™1), and amide carbonyls
(1663 and 1634 cm™!). The 'H NMR spectrum (CDCly)
showed signals of protons of three methy! groups (singlet
at 0y 3.27, doublet at &y 0.87, and triplet at dy 0.91), three
nonequivalent methylenes at dy; 1.19—4.46, two downfield
methines at dy 4.93 and 5.63, aromatic protons at dy 7.16—
7.28, and an amide NH at Jy 7.57. Analyses of 13C NMR,
DEPT, and HMQC spectral data revealed that hirsutellide
A (1) possessed 18 carbons (two equivalent carbon signals

* To whom correspondence should be addressed. Tel: +66-2-5646700,
ext. 3560. Fax: +66-2-5646707. E-mail: prasat@®biotec.or.th.

! Department of Chemistry, Mahidol University.

* Natlonal Center for Genetic Engineering and Blotechnology.

Figure 1. Selected HMBC and NOESY correlations of hirsutellide A
).

at éc 129.1 (C-5 and C-9) and d¢ 128.6 (C-6 and C-8) of a
substituted benzene ring). However, a molecular formula,
C3sHigOsNy, was inferred by the ESITOF mass spectrum
[accurate mass observed at mYz665.3579 (M + H)*, A +2.9
mmu]; hirsutellide A (1) therefore possessed a C; sym-.
metry. Analyses of 'H~!'H COSY, NOESY, HMQC, and
HMBC spectral data unambiguously revealed the presence
of isoleucine, sarcosine, and 2-hydroxy-3-phenylpropanoic
acid in hirsutellide A (1) (Figure 1). The !H-'H COSY
spectrum of 1 established the partial structure from H-2’
to H-6 of the isoleucine residue and also showed correla-
tions between H-2’ of isoleucine to an adjacent amide
proton (NH) as well as between H-2 and H-3 of 2-hydroxy-
3-phenylpropanoic acid. The HMBC spectrum of hirsutel-
lide A (1) assisted in the assignment of the amino acid
sequence in 1 (H-2’ of isoleucine to C-1 of 2-hydroxy-3-
phenylpropanoic acid and H-2” of sarcosine to C-1’ of
isoleucine), as depicted in Figure 1. The position of the
N-methyl at the sarcosine residue was also assigned by
HMBC, from which correlations of the singlet methyl
protons (dy 3.27) to C-1” (6¢c 166.8) and C-2” (d¢ 51.7) of
sarcosine were observed (Figure 1). On the basis of these
spectral data, the chemical structure of hirsutellide A (1)
was secured. Complete assignment of protons and carbons
in 1 is shown in Table 1.

The relative stereochemistry of hirsutellide A (1) was
successfully assigned by analyses of the NOESY spectrum.
Correlations from the amide proton (NH) to H-3’ of isoleu-
cine and to H-2 of 2-hydroxy-3-phenylpropanoic acid were
observed, suggesting that these protons were coplanar
(Figure 1). The NOESY spectral data of 1 also revealed
correlations between H-2’ and the methyl protons (H-6")
of isoleucine and between H-2’ of isoleucine and the
N-methy! of sarcosine. The absolute stereochemistry in

10.1021/np020055+ CCC: $22.00 © 2002 American Chemical Soclet{ and American Society of Pharmacognosy
Published on Web 07/26/200
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Table 1. 'H (400 MHz) and 3C (100 MHz) NMR Spectral Data
(CDCI3) of Hirsutellide A (1)

unit Oc, multiplicity  dy;. multiplicity (J in Hz)

2-hydroxy-3-phenyl-
propanoic acid
168.8.
74.1. 5.63,dd (11.8,2.9)
3 38.7.t 2.74, dd (14.0, 11.9)
3.68, dd (14.0. 2.8)

o —
o w

4 136.1, s
59 129.1,d 7.16,brd (7.0)
6,8 128.6,d 7.28, dd (7.0, 7.0)
7 127.1,d 7.23, m
L-allo-isoleucine
1’ 174.1, s
2’ 52.3.d 4.93,dd {10.1, 9.7)
3 35.8.d 2.24, m
4 24.2,t 1.19, m
1.55, m
5 10.2, q 0.91, t (7.4)
6’ 15.4.q 0.87,d (6.7)
NH 7.57,d(9.7)
sarcosine
1” 166.8, s
2" 51.7,t 3.20,d (17.1)
4.46,d (17.2)
NMe 378.q 3.27,s

hirsutellide A (1) was addressed by the use of Marfey's
method.* Hirsutellide A (1) was hydrolyzed and subse-
quently derivatized with Marfey's reagent (1-fluoro-2,4-
dinitrophenyl-5-1-alaninamide, FDAA). HPLC analysis
established the L stereochemistry of the isoleucine unit in
1; however, the reversed-phase column failed to distinguish
between L-isoleucine and L-allo-isoleucine. The problem
was solved using a chiral column, from which the presence
of L-allo-isoleucine in hirsutellide A (1} was firmly estab-
lished. The absolute configuration at C-2 of 2-hydroxy-3-
phenylpropanoic acid was assigned as R according to the
NOESY spectrum of 1.

Hirsutellide A (1) exhibited antimycobacterial activity
with a MIC (minimum inhibitory concentration) of 6—12
ug/mL, but showed no cytotoxic effect toward Vero cells at
50 ug/mL. Additionally, hirsutellide A (1) also possessed
weak in vitro antimalarial activity, with an ICs value of
2.8 ug/ml..

Experimental Section

General Experimental Procedures. The IR spectra and
optical rotations were measured on a Perkin-Elmer 2000
spectrometer and Jasco DIP370 polarimeter, respectively. The
UV spectra were recorded on a Cary 1E UV—vis spectropho-
tometer. The 'H, 13C, DEPT, 'H-!H COSY, NOESY, HMQC,
and HMBC experiments were carried out on a Bruker DRX
400 NMR spectrometer, operating at 400 MHz for proton and
100 MHZz for carbon. The ESI-TOF mass spectra were obtained
from a Micromass LCT mass spectrometer, and the lock mass
calibration was applied for the determination of accurate mass.

Fungal Material, Extraction, and Isolation. The fungus
H. kobayasii BCC 1660 was collected from Kaeng Krachan
National Park, Phetchburi, Thailand, and identified by Dr.
Nigel Leslie Hywel-Jones of the Mycology Research Unit,
National Center for Genetic Engineering and Biotechnology
(BIOTEC). The specimen has been deposited (registration no.
BCC 1660) at the BIOTEC Culture Collection. H. kobayasii
BCC 1660 was cultured in patato dextrose broth (5 L culture);
cells were separated from the broth by filtration and subse-
quently extracted twice with CH,Cl; to yield 1.3 g of a crude
extract. The extract was subjected to a Sephadex LH-20
column (eluted with MeOH). and the fraction containing
hirsutellide A (1) was further purified by silica gel column

Journal of Natural Products. 2002, Vol. 65. No. 9 1347

chrematography (eluted with acetone/hexane, gradient elution
from 5:95 to 30:70) to afford 1 (18 mg).

Hirsutellide A (1): off-white solid; {a|®p —13.6° (¢ 0.25,
CHCl3); UV (MeOH) Amax (log €) 212 (4.32) and 257 (sh) nm:
IR (KBr) vmax 3292, 3030, 3012, 2967, 2933, 1752, 1663, 1634,
1527, 1464, 1262, 1132, 1095, 1061 cm™!; 'H and '3C NMR,
see Table 1; ESITOF MS n7/z 665.3579 (M + H)*, caled for
(C36H4s0sN4 + H)*, 665.3550.

Determination of Amino Acid Configuration by
Marfey’s Method. A mixture of hirsutellide A (1) (1 mg) and
2 M HCI (2 mL) was heated to reflux at 110 °C for 14 h, after
which it was evaporated to dryness. The residue was dissolved
in 0.5 mL of H,0, then 2 mL of 1 M NaHCO; and 1 mL of 1%
Marfey’s reagent (FDAA)* in acetone were added. The reaction
mixture was incubated at 37 °C for 1 h, quenched with 0.2
mL of 2 N HCI, and subjected to HPLC analysis (C,s reversed-
phase column, eluted with MeCN/H,O (30:70). flow rate 1.0
mL/min, and UV detector set at 340 nm). D and L forms of
isoleucine and allo-isoleucine were separately derivatized with
FDAA in the same manner as that described for 1. Under the
HPLC conditions employed, D- and L-isoleucine (and allo-
isoleucine} had retention times of 41.26 and 19.62 min,
respectively. The residue in 1 was found to be the L form:
however, the reversed-phase column failed to distinguish
batween L-iscleucine and L-alio-isoleucine. This problem was
solved using a chiral column (ChiraDex, Merck), eluted with
MeOH/H;0 (30:70), at a flow rate of 0.7 mL/min. Under these
HPLC conditions, L-isoleucine and L-allo-isoleucine exhibited
retention times of 7.08 and 7.88 min, respectively. The sample
was co-injected with standard compounds to finally establish
the amino acid from hirsutellide A (1) as L-allo-isoleucine.

Bioassays. The antimycobacterial activity was assessed
against Mycobacterium tuberculosis H37Ra using the Micro-
plate Alamar Blue Assay (MABA).® Standard drugs, isoniazid
and kanamycin sulfate, the reference compounds for the
antimycobacterial assay, showed minimum inhibitory concen-
trations (MICs) of 0.040-0.090 and 2.0—5.0 ug/mL, respec-
tively. The antimalarial activity was evaluated against the
parasite Plasmodium falciparum (K1, multidrug-resistant
strain), which was cultured continuously according to the
method of Trager and Jensen.® Quantitative assessment of
antimalarial activity in vitro was determined by means of the
microculture radioisotope technique based upon the method
described by Desjardins et al.” The inhibitory concentration
(ICso) represents the concentration that causes 50% reduction
in parasite growth as indicated by the in vitre uptake of 3H]-
hypoxanthine by P. falciparum. An ICs, value of 1 ng/mL was
observed for the standard compound, artemisinin, in the same
test system. Cytotoxicity was determined by employing the
colorimetric method described by Skehan and co-workers.® The
reference compound, eilipticine, exhibited activity toward the
BC-1 and KB cell lines, both with an ICsq of 0.3 ug/mL.
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Bioassay-guided fractionation of the extract from the fermentation broth of Streptomyces spectabilis BCC 4785
led to the isolation of three principle antimalarial agents, metacycloprodigiosin, bafilomycin A;, and spec-
tinabilin. Metacycloprodigiosin exhibited potent in vitro activity against Plasmodium falciparum K1, with a 50%
inhibitory concentration of 0.0050 + 0.0010 pg/ml, while its cytotoxicity was much weaker.

Malaria is a serious endemic disease in many parts of Africa,
Asia, Latin America, and Oceania, affecting 5% of the world’s
population, and mortality is estimated to be over 1 million
deaths each year (13, 21). Because of the worsening problems
of drug resistance, there has been an urgent need for the
discovery of a new chemical class of antimalarial agents (4). As
part of an ongoing natural product research program, we have
been screening microbial extracts for in vitro antimalarial ac-
tivity (7-9). Among these, an extract from Streptomyces spec-
tabilis BCC 4785 showed significant activity against Plasmo-
dium falciparum (K1, a multidrug-resistant strain), with a 50%
inhibitory concentration (ICs,) of 0.01 pug/ml. Therefore, mass
fermentation and activity-guided isolation of antimalarial
agents frocm this strain have been undertaken.

S. spectabilis was isolated from a soil sample collected in
Thailand, identified to the species level, and deposited at the
BIOTEC Culture Collection as BCC 4785. The strain was
incubated in a fermentor containing 75 liters of a liquid me-
dium (10.0 g of soluble starch, 1.0 g of K,HPO,, 1.0 g of
MgSO, - TH,0, 1.0 g of NaCl, 2.0 g of (NH,),SO,, and 3.0 g of
CaCO; per liter). Chromatographic separation and purifica-
tion of the methanolic extract from mycelia led to the isolation
of three known compounds, metacycloprodigiosin {free-base
form, orange powder, 490 mg; further purified as a hydrochlo-
ride, magenta powder) (18, 19), bafilomycin A, (colorless crys-
tals, 14 mg) (1, 20), and spectinabilin (orange powder, 41 mg)
(11). The structures of these compounds (Fig. 1) were identi-
fied by spectroscopic analyses and comparison with the litera-
ture data.

An assay for activity against P. falciparum K1 was performed
by using a standard protocol (10) based on the microculture
radioisotope technique described by Desjardins et al. (3). The
reported ICs, represents the concentration that causes a 50%
reduction of parasite growth, as indicated by the in vitro uptake
of [H]hypoxanthine by P. falciparum. For comparison, the
cytotoxicities of the compounds against human epidermoid

* Corresponding author. Mailing address: National Center for Ge-
netic Engineering and Biotechnology (BIOTEC), National Science
and Technology Development Agency (NSTDA), Rama 6 Rd.,
Bangkok 10400, Thailand. Phone: (662) 6448103. Fax: (662) 6448107.
E-mail: isaka@biotec.or.th.
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carcinoma cells (KB celis), human breast cancer cells (BC-1
cells), and African green monkey kidney fibroblasts (Vero
cells) were screened by using a colorimetric method (16). The

metacycloprodligiosin

NN

O,N

spectinabilin

FIG. 1. Structures of the metabolites from §. spectabilis BCC
4785.
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TABLE 1. Antimalarial activities and cytotoxicities of compounds
isolated from §. spectabilis BCC 4785

Activity (ICs,, Cytotoxicity (ICsq, pg/mi) for:

Compound ng/ml) against
P. falciparum K1 KB cells BC-1 cells  Vero cells

Metacycloprodi-  0.0050 = 0.0010 0.36 =0.02 027 =0.01 135=*0.28

giosin hydro-

chloride”
Bafilomycin A;*  0.041 £ 0.010 027 +0.03 0.20=0.04 1.14=*0.04
Spectinabilin 7.8 0.10 0.80 20
Chloroquine 0.16 16 >20 >20

diphosphate®
Artemisinin® 0.0011 >20 >20 >20

“ Assays were performed in triplicate for these highly active compounds; val-
ues are means and standard deviations.
b Standard antimalarial compounds.

ICsgs of the standard compound, ellipticine, in our system were
0.46 pg/ml for KB cells and 0.60 pg/ml for BC-1 cells.

The bioassay results are summarized in Table 1. Metacyclo-
prodigiosin hydrochloride and bafilomycin A, exhibited signif-
icant antimalarial activity, while spectinabilin moderately in-
hibited the proliferation of P. falciparum K1. The cytotoxic
activity of metacycloprodigiosin hydrochloride was much weaker
than its antimalarial activity.

Prodigiosins have been known to exhibit a wide range of
biological activities, and recent investigations on their immu-
nosuppressive activities (5, 14, 17) and activities as proton
pump inhibitors (12, 15) have sparked renewed interest in
these tripyrrole pigments. The in vivo activities of metacyclo-
prodigiosin hydrochloride and several other prodigiosins against
Plasmodium berghei in mice have been reported (2, 6). Accord-
ing to the literature (6), elongation of the mean survival time
of P. berghei-infected mice by cral administration of metacy-
cloprodigiosin hydrochloride was observed with a dose of 20
mg/kg. Although members of this class of compounds have
shown activity against malaria in an animal model, little has
been done concerning their further development. This situa-
tion may be due to the lack of availability of compounds in
large amounts. To the best of our knowledge, this is the first
report on the in vitro activity of a prodigiosin against a human
malaria parasite (P. falciparum). The high antiplasmodial ac-
tivity, good selectivity index, and structural novelty of this class
of compounds deserve further investigation.
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