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<gtM ZZXE 98 UV-mutagenesis>
» Bacillus sp. BS061 #32| il F & stock &=

BS061 #FE Lysogeny broth (LB) B X|oll & &35t0f sf&st. = 1L #24Z2tA 30 LB 500
mLE EF5t0 121 CHM 1582 DASI7|HAS AMAIStT 0470 ampuled| 2252l BS061
S ™Bsto 427 27C, 120 rom 22 ZEHf kst R ko] E:t v S 3000 rpmoll A
1522t centrifugesto] A SM S X HEH pelletol]l 30% glycerol 30 mLE 210 1 mI¥ stock vial
of &7{&tot -80CollM H5t01 mutagenesisoll &
» UV-mutagenesis = =t
- SlMuj MAY

BS0612| ZX} stockE® HoEl S/34+E
2 35|AM35t0d LB agar HiXloll 2k 200 pl#
folgh, 2t Al 2 35 e 2 st on], 3

235101 1072, 1073, 1074, 107°, 10°°22 =X}&H o
| 27°COl|A{ Hlj 2sto{ 2 SE colonyl| =5
= colony =7} 500-10007H == 2+

=

=a. =
MZEE UV EAL =ZHo| o|2¢t
- UV AL AIZE A
Mut=l S| Mufj =4S 0[-335H0d R/l petri-disholl &S =, £0| U= UV box [(27 cm
18 cm (H),15 cm (D)]Joll &1, UV filtered lamp (vilber lourmat, 254 nm, French)E Ol
25101 AL 3E-7TE7IX| UVE Z=ALSHH 30 ZH42o 2 200 yl X %[5+ LB agar BiX|of|
Tost, SUs ZM YIS XIS = 37°Col| Hi kS0 colonyl| 2 =& THErer ZF AlE 2
StFen, 0.1%-1%2 MEES LIEI = UV ZAMAZEES - e

=00l #FE MUst| fI5to] 2ol S0IIX] 2+ UV box kel 15 cm =0|olAl UV
filtered lamp (vilber lourmat, 4W, France)E O[&35t0{ 254 nmoOilAl ALt UV Z=AF = 18A| 2t
= M&ESH AFE BFO0|2 pickingsto{ LBA HiX[ofl &7 HfFst = single colonyE &2I6t1,
30% glycerol stocke ZHS0{ -80TCOlM Hatsto| MAYE S ¢
» UV-mutante| &M ZHH

BItERH A2 Aol
AY 2 Lol &

02 o

[s13
= .

U= AEMAMEE 7| st &= A2 2 kol E27Hs5H7| M 2o
St M2 A Rhizoctonia solaniRt Diaporthe sp.oll CHSH0] & &tM S
X2 =HdHo| FE HMBot, 7H2Mldl 28 F 2 =of 32t 27T
MEAF =2 =Alst

o= L

UV light exposure
6min 30sec

single colony
streaking

|
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= UV-mutagenesis Z23}

» UV-mutagenesis=

98t

=21 2

-—

—

SMEUE 28t Uv-mutagenesis =42 =25t Z 3 BS061 @3 stock 1072 200 ulE =
st 23 oF 500702] colonyE 2hQlgt. S UV =AF AIZES AHSH 23 68 30XEE AL
AT 2F 0.6% @2 survival rateE LIEHA.

UV light Number of Survival rate UV light Number of Survival rate

Exposure (min) | colony appear (%) Exposure (min) | colony appear (%)

0 500 100 5 12 2.4
3 95 19 5.5 11 2.2
3.5 54 10.8 6 5 1

4 27 5.4 6.5 3 0.6
4.5 25 5 7 2 0.4

5 min

5 min 30 sec

6 min 30 sec

7 min

<UV ZAA|ZHo| mHE BS061 T2 M

r

=>

» SAHHO| #F 974 #F9| EHE

=H#Ho| #FE =Es5H| Ist01 15 cm =0[olM UV filtered lamp (vilber lourmat, 4W,
France)E 0|&3l0{ 254 nmollM 6= 30xX &S2F ZALgE, UV ZAF T 18A|Z2F = M =5 =0
& YZ0|Z pickingstod LB agar Hi X0l &7 single colonyE 22|51, 30% glycerol stock
S TH=S0{ -80TCOollAl E2tst 0|E Ht=E Falsto] 1AIH T 5250 F, 2XHA L 4503 F& =HE St
04 & 974 OFE &HE351 BSM-1~BSM-9742 m§odsh
» MarsE S 0| #Fe| aagd Ad

=2|et S9H0| AFE a2 X[ IFHS 0| 8510 et s Ade. 2872 A=
el # Rhizoctonia solan2t Diaporthe sp. & ALEe. & 525702 43 & 433712 A2 <A
HEE &M= clear zone2| HENol e} +++(ZEh), ++H(ES), +(&Eh), —(fl5)2=2 LIEHY . of
efe| O & 1} Fol| LIEMH HER} 20| el #FIF ZXM EC o Zeh et S LIER D, O
=0o| M= BSM-153, BSM—-189, BSM-216, BSM—-320, BSM-398 #F7} FHo{t a4 &tM 9l 2
ot M58 LIEl= WS =elah

<Mgbst Eoddio| 3o gagd Ad 21>

OFHS | R solani | Diaporthe | @FHE | R solani | Diaporthe | @FHS | R. solani | Diaporthe

wild type ++ + BSM-1 o+ + BSM-2 ++ +

BSM-3 + + BSM-4 ++ + BSM-5 ++ +

BSM-6 ++ + BSM-7 ++ + BSM-8 ++ +




BSM-9 ++ + BSM-10 + + BSM-11 ++ +
BSM-12 ++ + BSM-13 +++ + BSM-14 ++ +
BSM-15 ++ + BSM-16 ++ + BSM-17 ++ +
BSM-18 +++ + BSM-19 + - BSM-20 ++ +
BSM-21 ++ + BSM-22 +++ + BSM-23 + +
BSM-24 - - BSM-25 +++ ++ BSM-26 ++ +
BSM-27 ++ + BSM-28 ++ + BSM-29 ++ +
BSM-30 + + BSM-31 ++ + BSM-32 +++ +
BSM-33 ++ ++ BSM-34 ++ + BSM-35 ++ ++
BSM-36 +++ ++ BSM-37 ++ ++ BSM-38 ++ ++
BSM-39 +++ ++ BSM-40 ++ ++ BSM-41 ++ +
BSM-42 ++ + BSM-43 + + BSM-44 ++ ++
BSM-45 ++ + BSM-46 ++ + BSM-47 - +
BSM-48 ++ + BSM-49 ++ + BSM-50 ++ +
BSM-51 ++ + BSM-52 +++ + BSM-53 +++ +
BSM-54 ++ + BSM-55 ++ + BSM-56 - -
BSM-57 ++ + BSM-58 ++ + BSM-59 + +
BSM-60 ++ + BSM-61 +++ ++ BSM-62 ++ ++
BSM-63 ++ ++ BSM-64 + + BSM-65 + +
BSM-66 ++ + BSM-67 ++ ++ BSM-68 ++ +
BSM-69 +++ ++ BSM-70 ++ + BSM-71 ++ +
BSM-72 +++ + BSM-73 ++ + BSM-74 ++ +
BSM-75 ++ + BSM-76 + + BSM-77 +++ +
BSM-78 + + BSM-79 ++ + BSM-80 ++ +
BSM-81 ++ ++ BSM-82 ++ + BSM-83 ++ +
BSM-84 ++ ++ BSM-85 +++ ++ BSM-86 +++ +
BSM-87 +++ + BSM-88 +++ + BSM-89 ++ ++
BSM-90 ++ +++ BSM-91 ++ ++ BSM-92 + -
BSM-93 ++ + BSM-94 ++ + BSM-95 ++ +
BSM-96 ++ + BSM-97 ++ + BSM-98 ++ ++
BSM-99 ++ + BSM-100 ++ + BSM-101 ++ ++
BSM-102 ++ + BSM-103 - - BSM-104 ++ +
BSM-105 +++ ++ BSM-106 ++ + BSM-107 ++ +
BSM-108 +++ + BSM-109 ++ ++ BSM-110 ++ ++
BSM-111 ++ ++ BSM-112 - - BSM-113 +++ ++
BSM-114 +++ + BSM-115 +++ + BSM-116 ++ +
BSM-117 ++ ++ BSM-118 +++ + BSM-119 +++ +
BSM-120 +++ + BSM-121 ++ ++ BSM-122 ++ +
BSM-123 ++ ++ BSM-124 ++ ++ BSM-126 + +
BSM-127 ++ + BSM-128 ++ + BSM-129 +++ +
BSM-130 ++ + BSM-131 ++ + BSM-132 ++ +
BSM-133 ++ ++ BSM-134 ++ + BSM-135 ++ +
BSM-136 ++ + BSM-137 ++ ++ BSM-138 + +
BSM-139 + + BSM-140 ++ ++ BSM-141 ++ ++
BSM-142 + + BSM-143 ++ + BSM-144 + ++
BSM-145 ++ ++ BSM-146 + + BSM-147 ++ +
BSM-148 + + BSM-149 +++ + BSM-150 ++ +
BSM-151 ++ + BSM-152 ++ + BSM-153 +++ +++
BSM-154 +++ ++ BSM-155 +++ ++ BSM-156 +++ ++
BSM-157 ++ + BSM-158 ++ + BSM-159 ++ +
BSM-160 ++ + BSM-161 ++ + BSM-162 + -
BSM-163 ++ + BSM-164 ++ BSM-165 + +
BSM-166 ++ + BSM-167 + - BSM-168 ++ +
BSM-169 ++ + BSM-170 - - BSM-171 ++ +
BSM-172 ++ ++ BSM-173 ++ + BSM-174 ++ +
BSM-175 ++ + BSM-176 ++ + BSM-177 ++ +++
BSM-178 ++ + BSM-179 - + BSM-180 ++ ++
BSM-181 - - BSM-182 ++ + BSM-183 ++ ++
BSM-184 + + BSM-185 ++ + BSM-186 ++ +




BSM-187 + + BSM-188 +++ ++ BSM-189 +++ +++
BSM-190 ++ + BSM-191 - - BSM-192 ++ +
BSM-193 + ++ BSM-194 + + BSM-195 + +
BSM-196 + + BSM-197 + ++ BSM-198 + +
BSM-199 + + BSM-200 + + BSM-201 + +
BSM-202 + + BSM-203 + + BSM-204 + +
BSM-205 - - BSM-206 ++ ++ BSM-207 ++ +
BSM-208 ++ ++ BSM-209 - - BSM-210 ++ +
BSM-211 ++ + BSM-212 ++ + BSM-213 ++ +
BSM-214 + + BSM-215 - - BSM-216 +++ +++
BSM-225 ++ + BSM-226 ++ + BSM-227 ++ +
BSM-228 ++ + BSM-229 ++ ++ BSM-230 ++ +
BSM-231 - + BSM-232 ++ + BSM-233 ++ +
BSM-234 ++ + BSM-235 ++ + BSM-236 - -
BSM-237 - - BSM-238 ++ + BSM-239 - -
BSM-240 ++ + BSM-241 + - BSM-242 - -
BSM-243 + + BSM-244 ++ + BSM-245 - -
BSM-246 - - BSM-247 - - BSM-248 ++ ++
BSM-249 - - BSM-250 - - BSM-251 ++ -
BSM-252 - - BSM-253 ++ + BSM-254 - -
BSM-255 + + BSM-256 + ++ BSM-257 ++ ++
BSM-258 +++ ++ BSM-259 +++ ++ BSM-260 +++ ++
BSM-261 ++ + BSM-262 ++ + BSM-263 ++ ++
BSM-264 ++ + BSM-265 ++ ++ BSM-266 + -
BSM-267 + BSM-268 + + BSM-269 +++ +
BSM-270 ++ + BSM-271 - - BSM-272 + +
BSM-273 + + BSM-274 ++ - BSM-275 + +
BSM-276 ++ - BSM-277 - - BSM-278 - -
BSM-279 ++ + BSM-280 - - BSM-281 + +
BSM-282 - - BSM-283 - - BSM-284 - -
BSM-285 - - BSM-286 - - BSM-287 - -
BSM-288 ++ + BSM-289 ++ + BSM-290 ++ +
BSM-291 ++ ++ BSM-292 ++ + BSM-293 ++ ++
BSM-294 ++ ++ BSM-295 + + BSM-296 - -
BSM-297 ++ + BSM-298 ++ + BSM-299 ++ +
BSM-300 ++ - BSM-301 - - BSM-302 + ++
BSM-303 ++ + BSM-304 - - BSM-305 + ++
BSM-306 + + BSM-307 ++ ++ BSM-308 - +
BSM-309 - - BSM-310 - - BSM-311 - -
BSM-312 - - BSM-313 - + BSM-314 - -
BSM-315 +++ - BSM-316 + - BSM-317 ++ +
BSM-318 + + BSM-319 + + BSM-320 ++ +++
BSM-321 ++ + BSM-322 ++ + BSM-323 ++ +
BSM-324 +++ + BSM-325 + + BSM-326 +++ +
BSM-327 + + BSM-328 ++ - BSM-329 ++ +
BSM-330 ++ + BSM-331 ++ ++ BSM-332 ++ +
BSM-333 ++ + BSM-334 ++ + BSM-335 - -
BSM-336 ++ - BSM-337 + ++ BSM-338 - -
BSM-339 + + BSM-340 - - BSM-341 + +
BSM-342 ++ - BSM-343 ++ + BSM-344 ++ +
BSM-345 - - BSM-346 - - BSM-347 - -
BSM-348 ++ + BSM-349 + + BSM-350 - -
BSM-351 + + BSM-352 +++ + BSM-353 +++ ++
BSM-354 +++ + BSM-355 ++ + BSM-356 +++ -
BSM-357 ++ + BSM-358 ++ + BSM-359 ++ +
BSM-360 ++ + BSM-361 +++ ++ BSM-362 + +
BSM-363 ++ - BSM-364 ++ + BSM-365 -

BSM-366 - - BSM-367 +++ ++ BSM-368 ++ +
BSM-369 + + BSM-370 ++ + BSM-371 ++ +




BSM-372 - - BSM-373 +++ - BSM-374 ++ +
BSM-375 ++ + BSM-376 + - BSM-377 - -
BSM-378 ++ + BSM-379 ++ + BSM-380 + +
BSM-381 +++ + BSM-382 + + BSM-383 + +
BSM-384 ++ + BSM-385 ++ + BSM-386 + +
BSM-387 ++ + BSM-388 ++ + BSM-389 ++ +
BSM-390 ++ - BSM-391 + ++ BSM-392 ++ +
BSM-393 - - BSM-394 ++ + BSM-395 ++ +
BSM-396 ++ + BSM-397 - - BSM-398 +++ +++
BSM-399 - + BSM-400 - - BSM-401 ++ +
BSM-402 ++ - BSM-403 ++ + BSM-404 ++ -
BSM—-405 ++ ++ BSM-406 ++ ++ BSM-407 - -
BSM-408 - - BSM-409 ++ + BSM-410 +++ +
BSM-411 - - BSM-412 - - BSM-413 ++ ++
BSM-414 + - BSM-415 ++ + BSM-416 ++ +
BSM-417 - - BSM-418 ++ + BSM-419 - -
BSM-420 ++ + BSM-421 ++ + BSM—-422 - -
BSM-423 ++ - BSM-424 ++ + BSM-425 +++ ++
BSM-426 +++ + BSM-427 ++ + BSM-428 +++ +
BSM-429 ++ ++ BSM-430 - - BSM-431 ++ +
BSM-432 - - BSM-433 + + BSM-434 ++ ++
BSM-435 + + BSM-436 + - BSM-437 + -
BSM-438 + - BSM-439 + - BSM-440 + -
BSM-441 - - BSM-442 ++ - BSM-443 - -
BSM-444 + - BSM-445 - - BSM-446 - -
BSM-447 + - BSM-448 + - BSM-449 - -
BSM-450 + - BSM-451 + - BSM-452 + -
BSM-453 - - BSM-454 - BSM-455 + -
BSM-456 - - BSM-457 + - BSM-458 ++ -
BSM-459 ++ + BSM-460 + - BSM-461 - -
BSM-462 + - BSM-463 ++ - BSM-464 ++ -
BSM-465 ++ + BSM-466 +++ + BSM-467 + -
BSM-468 ++ + BSM-469 + - BSM-470 + -
BSM-471 + - BSM-472 ++ - BSM-473 + +
BSM-474 ++ - BSM-475 + - BSM-476 + -
BSM-477 - - BSM-478 + - BSM-479 ++ -
BSM-480 ++ - BSM-481 + - BSM-482 ++ +
BSM-483 ++ - BSM-484 + - BSM-485 - -
BSM-486 - - BSM-487 + - BSM-488 ++ -
BSM-489 - - BSM-490 - - BSM-491 + -
BSM-492 - - BSM-493 ++ - BSM-494 + +
BSM-495 ++ + BSM-496 + - BSM-497 + -
BSM-498 - + BSM-499 + + BSM-500 +++ ++
BSM-501 - - BSM-502 + + BSM-503 ++ +
BSM-504 + - BSM-505 + + BSM-506 + -
BSM-507 - - BSM-508 ++ - BSM-509 - +
BSM-510 - - BSM-511 + - BSM-512 + +
BSM-513 - + BSM-514 + - BSM-515 ++ -
BSM-516 - - BSM-517 - BSM-518 - -
BSM-519 + - BSM-520 + + BSM-521 - -
BSM-522 ++ - BSM-523 + - BSM-524 + -
BSM-525 ++ - BSM-526 - - BSM-527 + -
BSM-528 + - BSM-529 ++ - BSM-530 ++ +
BSM-531 ++ + BSM-532 ++ - BSM-533 ++ -
BSM-534 + - BSM-535 + - BSM-536 ++ -
BSM-537 + - BSM-538 + + BSM-539 ++ +
BSM-540 + BSM-541 + - BSM-542 ++ +
BSM-543 ++ + BSM-544 ++ - BSM-545 ++ -
BSM-546 + + BSM-547 + ++ BSM-548 ++ -




BSM-549 ++ + BSM-550 ++ - BSM-551 - -
BSM-552 ++ + BSM-553 ++ - BSM-554 ++ -
BSM-555 + - BSM-556 + - BSM-557 ++ -
BSM-558 + + BSM-559 - - BSM-560 ++ +
BSM-561 + + BSM-562 + + BSM-563 + +
BSM-564 ++ + BSM-565 ++ - BSM-566 + -
BSM-567 + - BSM-568 + - BSM-569 - -
BSM-570 + - BSM-571 + - BSM-572 + -
BSM-573 ++ - BSM-574 + - BSM-575 + -
BSM-576 + - BSM-577 + - BSM-578 + -
BSM-579 + - BSM-580 + + BSM-581 - -
BSM-582 ++ - BSM-583 + - BSM-584 + -
BSM-585 + - BSM-586 + - BSM-587 + -
BSM-588 + - BSM-589 + - BSM-590 + -
BSM-591 + - BSM-592 + - BSM-593 + -
BSM-594 + - BSM-595 + - BSM-596 + -
BSM-597 + + BSM-598 ++ - BSM-599 + -
BSM-600 + - BSM-601 + - BSM-602 + -
BSM-603 ++ - BSM-604 - - BSM-605 ++ -
BSM-606 - - BSM-607 ++ - BSM-608 - -
BSM-609 - - BSM-610 + + BSM-611 ++ +
BSM-612 + + BSM-613 ++ - BSM-614 - -
BSM-615 ++ + BSM-616 - - BSM-617 - -
BSM-618 - - BSM-619 ++ - BSM-620 + -
BSM-621 ++ - BSM-622 ++ - BSM-623 - -
BSM-624 + - BSM-625 ++ - BSM-626 ++ -
BSM-627 ++ - BSM-628 + - BSM-629 + -
BSM-630 + + BSM-631 ++ + BSM-632 + +
BSM-633 - - BSM-634 ++ + BSM-635 + -
BSM-636 + + BSM-637 ++ - BSM-638 ++ -
BSM-639 ++ - BSM-640 + - BSM-641 ++ -
BSM-642 - + BSM-643 ++ + BSM-644 ++ +
BSM-645 + - BSM-646 ++ + BSM-647 + +
BSM-648 + + BSM-649 + - BSM-650 + +
BSM-651 - - BSM-652 + + BSM-653 ++ +
BSM-654 + + BSM-655 ++ + BSM-656 ++ +
BSM-657 + - BSM-658 - - BSM-659 ++ +
BSM-660 + - BSM-661 + + BSM-662 - +
BSM-663 ++ + BSM-664 ++ - BSM-665 ++ -
BSM-666 ++ - BSM-667 + + BSM-668 + +
BSM-669 + - BSM-670 + + BSM-671 + +
BSM-672 - - BSM-673 - - BSM-674 + +
BSM-675 - - BSM-676 + + BSM-677 ++ -
BSM-678 - - BSM-679 ++ - BSM-680 - +
BSM-681 + - BSM-682 - - BSM-683 ++ -
BSM-684 - - BSM-685 - - BSM-686 - -
BSM-687 - - BSM-688 - - BSM-689 - -
BSM-690 - - BSM-691 + - BSM-692 + -
BSM-693 - - BSM-694 + - BSM-695 - -
BSM-696 - + BSM-697 - - BSM-698 - -
BSM-699 - - BSM-700 - - BSM-701 - -
BSM-702 - - BSM-703 - - BSM-704 + +
BSM-705 - - BSM-706 - - BSM-707 ++ +
BSM-708 + - BSM-709 + + BSM-710 ++ -
BSM-711 ++ + BSM-712 ++ + BSM-713 + -
BSM-714 ++ + BSM-715 + - BSM-716 + -
BSM-717 + - BSM-718 ++ + BSM-719 ++

BSM-720 + - BSM-721 ++ + BSM-722 ++ +
BSM-723 ++ + BSM-724 + + BSM-725 + +




BSM-726 ++ - BSM-727 - + BSM-728 + -
BSM-729 ++ - BSM-730 - - BSM-731 - -
BSM-732 - - BSM-733 - - BSM-734 + -
BSM-735 - - BSM-736 + - BSM-737 ++ +
BSM-738 ++ + BSM-739 + + BSM-740 + +
BSM-741 + - BSM-742 ++ + BSM-743 - -
BSM-744 ++ + BSM-745 - - BSM-746 ++ +
BSM-747 + - BSM-748 - - BSM-749 + -
BSM-750 + - BSM-751 + - BSM-752 + +
BSM-753 + - BSM-754 + + BSM-755 + -
BSM-756 + - BSM-757 ++ + BSM-758 + -
BSM-759 + - BSM-760 ++ - BSM-761 ++ +
BSM-762 + + BSM-763 + - BSM-764 ++ -
BSM-765 - - BSM-766 + + BSM-767 + -
BSM-768 ++ + BSM-769 - BSM-770 + -
BSM-771 + - BSM-772 + - BSM-773 - -
BSM-774 + - BSM-775 ++ - BSM-776 ++ -
BSM-777 ++ - BSM-778 ++ + BSM-779 ++ +
BSM-780 ++ + BSM-781 ++ - BSM-782 ++ +
BSM-783 ++ - BSM-784 ++ + BSM-785 - -
BSM-786 ++ + BSM-787 - - BSM-788 ++ +
BSM-789 ++ + BSM-790 ++ + BSM-791 ++ +
BSM-792 ++ + BSM-793 ++ + BSM-794 + -
BSM-795 + - BSM-796 + - BSM-797 + -
BSM-798 ++ + BSM-799 ++ - BSM-800 ++ -
BSM-801 ++ - BSM-802 ++ - BSM-803 ++ -
BSM-804 + - BSM-805 ++ + BSM-806 ++ +
BSM-807 - - BSM-808 ++ - BSM-809 ++ +
BSM-810 + + BSM-811 + - BSM-812 ++ +
BSM-813 + + BSM-814 + + BSM-815 ++ -
BSM-816 ++ + BSM-817 + - BSM-818 + -
BSM-819 + - BSM-820 - + BSM-821 + +
BSM-822 ++ + BSM-823 ++ + BSM-824 ++ +
BSM-825 ++ + BSM-826 ++ + BSM-827 ++ +
BSM-828 ++ + BSM-829 + + BSM-830 ++ +
BSM-831 + - BSM-832 + + BSM-833 ++ +
BSM-834 ++ - BSM-835 - - BSM-836 + -
BSM-837 - - BSM-838 ++ + BSM-839 + -
BSM-840 ++ + BSM-841 + - BSM-842 ++ +
BSM-843 + + BSM-844 ++ + BSM-845 + -
BSM-846 ++ - BSM-847 ++ + BSM-848 ++ -
BSM-849 + - BSM-850 + - BSM-851 + -
BSM-852 + + BSM-853 + - BSM-854 + -
BSM-855 + - BSM-856 + + BSM-857 + -
BSM-858 + + BSM-859 + - BSM-860 - -
BSM-861 + - BSM-862 + - BSM-863 - -
BSM-864 - - BSM-865 - - BSM-866 + +
BSM-867 + + BSM-868 + + BSM-869 + +
BSM-870 + + BSM-871 - - BSM-872 - -
BSM-873 + + BSM-874 - - BSM-875 + +
BSM-876 + - BSM-877 + + BSM-878 + -
BSM-879 + - BSM-880 + - BSM-881 + -
BSM-882 + - BSM-883 + - BSM-884 + +
BSM-885 - - BSM-886 + + BSM-887 + +
BSM-888 ++ - BSM-889 + - BSM-890 + +
BSM-891 + + BSM-892 + + BSM-893 + +
BSM-894 + - BSM-895 + - BSM-896 + -
BSM-897 + - BSM-898 - - BSM-899 - +
BSM-900 - - BSM-901 - + BSM-902 + +




<E¢

—_

solani>

BSM-903 ++ + BSM-904 + - BSM-905 + -
BSM-906 + - BSM-907 + + BSM-908 + -
BSM-909 + - BSM-910 - - BSM-911 + -
BSM-912 + - BSM-913 + - BSM-914 + +
BSM-915 + + BSM-916 + + BSM-917 + +
BSM-918 + - BSM-919 + + BSM-920 + +
BSM-921 - - BSM-922 + - BSM-923 - -
BSM-924 ++ + BSM-925 - - BSM-926 + -
BSM-927 + - BSM-928 + + BSM-929 + -
BSM-930 + - BSM-931 + - BSM-932 + +
BSM-933 - + BSM-934 + - BSM-935 + -
BSM-936 + - BSM-937 + - BSM-938 + +
BSM-939 + - BSM-940 ++ - BSM-941 + -
BSM-942 + - BSM-943 + + BSM-944 + +
BSM-945 + - BSM-946 + - BSM-947 + -
BSM-948 + - BSM-949 + + BSM-950 + +
BSM-951 ++ + BSM-952 + + BSM-953 + -
BSM-954 ++ - BSM-955 + - BSM-956 + -
BSM-957 ++ - BSM-958 + - BSM-959 + -
BSM-960 + - BSM-961 + - BSM-962 + -
BSM-963 + + BSM-964 - + BSM-965 + -
BSM-966 + + BSM-967 + - BSM-968 + +
BSM-969 + + BSM-970 - + BSM-971 - -
BSM-972 - + BSM-973 - + BSM-974 - -
wild type ++ +
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<Bacillus sp. BS061 tjdH o= HE stAE2lel 22| & HA>

» Bacillus sp. BS061 Hf Mo = 2E] st7M lipopeptidel] =49

Bacillus sp. BS061 H 2% 100 mLoll HCIS 47F to] pHE 1.022 & = 4TOllA] 124]
t ot M x| st0q Ilpopeptlde 2?0‘%% ZEMAIZI =, 3000 romollA 1527t centrifuge 5+01 2t
SHZS HMAHE o|F EM=E2 HEIES 0| 510 AOHA|5’I_’ filter paper2 ZE{st |, HPLC2t
ESI-Mass& 0| &35}0q é‘ﬁ%’é'g EA—*..O:.*. HPLC 42 ODS column (TOSOH, 4.6 mm I.D.
X 150 mm, 5 um, TSKgel ODS-100V, Japan)& 0|85t 3 mIZ 558t Al2 10 uIE =&

IEMOE._ 5% acetonitrile/0.04% triflouroacetic acid2t acetonitrileS 0| &30 ofel] =12

= o A=
=M2 T

H1J

1ot

<HPLC &0 Z=Z#>

Time (min) 5% ACN+0.04% TFA ACN Flow rate (ml/min)
0 90 10 1
80 0 100 1
85 90 10 1
90 90 10 1

2000 e 2000
Tir 78 J0O7 bAntas - feredmuss: 184708 masl

oL Bief fturin

1000

) A
1 j\\I\_,‘J'u.___,__ PR S Y W Y l'»_r-.._.._ e diep ,A,__J\PIJ :

m 15 0 3 a0 i

iturin  fengycin

<Bacillus sp. BS061 @F7} MASH= lipopeptide stetE2| HPLC &41>
HPLC 24 ZA 1} retention time 25-35& AlO|2} 4 —Er' XM Cle| [ FTF 2HENE I,
retention tme2L 25 & Ol= 22t Bacilus & Sd=2Z WEE = lipopeptide H =2

iturin} fengycin Al st 2 FFE.

o

ol

HPLC 24 ZZ2} iturin2} fengycin Al stet=E0| &xets &ol

Folst7| 9|5H0 LC-ESI-Mass 242 3 &t. Positive moded|M LC-ESI-Mass M & 3
FZI m/z1029.7, 1043.5, 1072.3, 1057.6, 1058.60(AM [M+H]" T A7} &&=} 0| =
7 2= Jturing "'%H—F H| st EP—P Z+ZE Jturin A1, lturin A2, lturin C3, lturin A3/A4/A5,
ltuirn C22 F3¢t.

IRend, 2 o9 =tet=
AL

2 jo

rok ok

1. turin A1 C13 MW 1028.5 2. Iturin A2 C14 MW 1042.5

3. lIturin A3/A4/A5 C15 MW 1056.5 4. lturin A6/A7 C16 MW 1070.5
5. lturin C1 C14 MW 1043.5 6. Iturin C2 C15 MW 1057.5

7. Iturin C3 C16 MW 10714

_13_



+ES| Goanc1 (4530 min) Frag=50.0v BS051 (Pld
7
102370
6 14055
] —
2
3
24
14
o

1020 1025 1030 1035 1040 1045 1050 1055 1060 1086 1070 1075 1080 1085 1090 1095 1100 1105 1110 1115 1120 1125 1130 1135 1140

Counts vs. Massto-Charge [miz)

€101 [+ES Scan:1 [46.87 min) Frag=B0.00 BSOET (Fl.d

104350 2
2 213451 /

800 50 90 %0 1000 1050 1100 1150 1200 1250 1300 1360 1400 1450 1500 1850 GO0 1650 1700 1750 1800 1850 1800 190
Counts ve. Mass-to-Charge [m/z)

#1011 [+ESI Scan1 [48.75 min] Frag=50.0v BS061 (Pl.d

107230

07 i
0E /V

014

o L ﬂ 1

1050 1060 1070 1080 1080 1700 1710 1120 1930 1140 1960 1750 1170 1180 1190 1200 1210 1220 1230 1240 1260 1260 1270 1280 1280 1300 1310 1320 1330 1330 1350 1360
Courts vs. Massto-Charge (m/2)

w101 |+ES! Sean: (47.55 min) Frag=80.0v BSO61 (P).d

1057.60
275 997G

254
2,25+
;| 3
1.754
1.54
1,26+
14
0.75
0.5

0,25
0 A m s

"
g0 @0 840 ee0 eOD 900 90 A0 960 98D 1000 1020 1040 1080 1080 1100 1120 1740 1180 110 1200 120 120 1%0 120 130
Counts ws, Mass-ta-Charge [miz)

%101 |+ESI Scan:1 [48.28 min] Frag=50.0v BSOE1 [P).d

1058.60
24 28234

2] -

Di’ - A rl A Al h

995 850 g6 900 W25 @O0 @/5 1000 1025 1050 1075 1100 1125 1150 1175 1200 1225 1250 1275 1300 1325 1950 1375 1400 1425 1450 1475 1500 1525 1550 1675 1800
Counts vs. Mass-to-Charge (/2]

LS Negative modedllAM ESI-Mass 2412 dst A3t m/z1447.4, 1503.10A [M-H]"
o 37 gHEEA T, olE ZHZt Fengycin C15, Fengycin C192 R332,

. Fengycin C13 MW 1420
. Fengycin C15 MW 1448

2. Fengycin C14 MW 1434
4

. Fengycin C17 MW 1476 6
8
1

Fengycin C16 MW 1462
Fengycin C18 MW 1490
Fengycin C20 MW 1518
0. Fengycin C25 MW 1588

. Fengycin C19 MW 1504 .
. Fengycin C21 MW 1532

OIN(UT|W| =
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€101 [-£S] Scan2 (37.82 mir) Frag=150.0v BSOET [W].d

1447.40
1945

225
1.75

1.5
1.25

0,75
0.5
0.25

il gl

i

10 1d0 @0 0 140 14a0

1800 1820 1840 1560 1se0 1800 1620 1ea0 18RO 1ea0

Counts vs. Mass-to-Charge [m/z)

10 1480

w0 17

%101 |-E5I Scancd (35.29 min) Frag=50.0v BSOE1 [N).d

A

1503.10
17R1

/7

J

|

TH0 130 10 4 0 14a

1800 1520 1940 1850 1580 1800 1820 1840 168D 16ED

Counts vz, Mazs-to-Charge [mz)

1450 1480

A0 170

» Bacillus sp. BS061 Mo 2 HE 2I7i2H =R 22| ¥ Al

Bacillus sp. BS061 Hi2FH 10 LE 6000 romdlM 15272+ A ZE2[51H0 EME=S w20 A
ZHZ shH O filter pape% 0| 835104 ozteh o|F F=HM #=X|2l Diaion HP-20 resinS 0|2
5to1 i oM F2|E Tdst = 2t 22 2o tfall &M HILE FlEet O 23 24 S LErd
Pass 22/ 2(BS061-1)2} acetone & 2(BS061-2)2 &HE & zt 22 29| stz dof st
e 2 Missd 77| ael stAtfstmolA a5t oo, stAdfstuwolAM =2ist &lJtsHY
o ot dx =M HIIARE &850 2 2 Eo| e s Ade. O &3 ot Eo
LIEHH HE2} ZH0| Pass £& =(BS061-1)1} acetone £& =(BS061-2) 25 1000 ppm 0| Ato|
M EIZtRH Ao YolE 25t AXstU 20, 53| Pass ==l 22 Ct acetone 2=l =0llM O
2 g7} LIER . m2tM acetone EE &0 =1 ethyl acetateE F715t0 off 2&st =
SMHAMZ tlAstF oLt 242 LENX| 25, F MeMd S LIERX| 2%, Ol F5 =
O|tA oL UXSIE LIEIf= AN ZHOM = &AM S LIEHLE Z35E SMTHOM= 2AM0|
=45 diss A2 LEE.

<Bacillus sp. BS061 Hif 2FH 2| Diaion HP-20 column chromatography &2 =2|
Q0| BIIRHF(Sphaerotheca fusca) Lot AH &>

Treatment Germination ratio (%) on 100 spores
BS061-1 500 ppm 10%

BS061-1 1000 ppm 2.2%

BS061-1 2000 ppm 1.9%

BS061-2 500 ppm 5.8%

BS061-2 1000 ppm 0.5%

BS061-2 2000 ppm 0.6%

S2F ofo|AE}F Azoystrobin 1%
17%+difenoconazole 11.3%

Distilled water 44%

Pass 22 &2(BS061-1)2  do|2mekpX|Ql Dowex—-502  0|&35}0] column
chromatographyg &8st 2ni, EEZ0f= 1N ammonias AF2e. 12 ZZ Dowex—-50 1N
ammonia =2!/(BS061 1-1)Z} Dowex-50 Pass (BS061 1-2) £22 =Hsioni, 2tz =l

758 2ot Ax Exnfol st &M= HIte Z3F 1IN ammonia &2/(BS061 1-1)0| 500
ppmO|&olAM CtE EElEECt SJIFH A LolE s YdMsts A2 =g
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o

<Dowex—50 column chromatography 2&l=2| 20| &7IF#H A 2ol Ax &5>

Treatments (mga/L) (ppm) Speérrrélgatlon ratio (%) on 100
Distilled Water 41.49%
Azoxystrobin 17%+difenoconazole 11.3% (1/2000) 1.59%
Dowex-50 1N ammonia (500) (BS061 1-1) 0.93%
Dowex—50 1N ammonia (1000) (BS061 1-1) 2.79%
Dowex—50 1N ammonia (2000)(BS061 1-1) 1.37%
Dowex—50 PASS (500) (BS061 1-2) 3.94%
Dowex—-50 PASS (1000) (BS061 1-2) 19.09%
Dowex—50 PASS (2000) (BS061 1-2) 0.51%
2k, Dowex—50 1N ammonia (BS061 1-1) 2&& 58 & 4 TLCAHM Sof=A
butanol:methanol:water=4:1:1, 4:1:2 (v/v)2} cellulose TLCOIM &0HZ=71 isopropyl alcohol:1N

ammonia=7:5, 7:2 (v/v)2 MII5I0{ ninhydrin A|22 2 2Aisto FI1&Ql 22| =Hs MY e
M xHAS "It o2 220 E isopropyl alcohol (A)ZF 1N ammonia (B)E AI2350{ A:B
o H|ES 01105 3:77HX| =xtXM 22 SIHA7 cellulose columns Ol &% MPLCE ZI&li st
on{, 10 Aznf cpA Z& (Dowex—50 1N ammonia-1~5)2 2 LA, 0| Z=of tistod &
J1FH 4 ghot M EntE HYE

<Cellulose MPLC &&l22| 20| &7} A ol X 5>

Treatments Germination ration (%) on 100 spores
Amistar(chemical pesticide) 21 £2.9b
Dowex—50 TN ammonia—1 20 *4.6b
Dowex—50 1N ammonia—2 ooz 2M8AN =7t
Dowex—50 1N ammonia—3 20.67 +0.3b
Dowex—50 1N ammonia—4 23 +2.6b
Dowex—50 1N ammonia—5 28.67 £5.7b
Water 51 +5.5a
M AY AT Dowex-50 1N ammonia-1~5 &2 & ZF0oAM &M S LIEA2n|, O|F &

2lofl cHsthod ELSD detectorg 0|23t HPLC £4(0ODS column (OSAKA SODA, i.d. 4.6
mmx250 mm, 5 um, CAPCELL PAK, Japan)2 sd8&. O|sS&42=Z2= 5% Methanol/0.04%
trifluoroacetic acid (a)2t methanol (b)& 0|&3t0 a:bl| H[E0| 100:0—0:100%7} =HES
methanol H[&S =0{7t04 gradientZ 3027t X&st¥ o], EMZ3= ot O T &3,
HPLCEMZAE HIgfe=z 374ie] 2% = Dowex-50 1N ammonia-1, Dowex-50 1N
ammonia—2, Dowex—-50 1N ammonia—4 22lof| tistod 22| XM5I7|=2 & Dowex—50 1N
ammonia-1 222 &30 & methanolZt 3/FFE 0/335t01 0—30% methanol =EH0| =
T E XX 2Z methanolE S7HA7|H Cig ODS columns AFE35H0d MPLCE =& st0{ & 7
o| 5}gH= Dowex-50 1N ammonia 1-A, Dowex—50 1N ammonia 1-BE A& &. Dowex—50
1N ammonia—2 &22 methanolt} FFE 0/&35t01 0—60% methanol =EHO0| HEE &+
XXM 2 2 methanolE &7HA7|04 Cig ODS columng AFE35H0{ MPLCE $335t0d | 72| =t&t
= Dowex—-50 1N ammonia 2-1~4& &AM &. £5F Dowex-50 1N ammonia—4 =22 50%
methanol& & &0l 2 0]|335}0 Sephadex LH-20 column chromatographyES & 5t0{ st 7H
o| stg= Dowex-50 1IN ammonia 4-12 A5, AdXMoz FEESH Dowex—50 1N
ammonia 1-A 2ttE2 M|t LIHX| 6702] stetEol thstod 2I7tF8HF 2ol AN EnE &4

A 5t
o =3-.
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l — DOWEX_50 1N ammonia—5 I‘

<Cellulose MPLC 2%/ =2l Dowex-50 1N ammonia-1~5 2& &2 HPLC 24>

<ODS MPLC % Sephadex LH-20 column chromatography2Z5E &
2| st 3tgtE 632 20| EJtFH A got AN 25>

Treatments S = (%) 2 7H%)
DW 100 0
Pesticide 0 100
Dowex—50 1N ammonia 1-B 75 25
Dowex—50 1N ammonia 4-1 81 19
Dowex—50 1N ammonia—2-1 41 59
Dowex—50 1N ammonia—2-2 56 44
Dowex—50 1N ammonia—2-3 44 56
Dowex—50 1N ammonia—2-4 9 91

Dowex—50 1N ammonia-2-4= & 7}F&8 7 2ot Aol thall 5ot &S LIERA 2L} 2F
o] £55t0 Adg O ZIMSIX| 2. stetE & 27IFdH A ol 9 g2 &Mool Y12, =57}
=on{ AXHoz B2 Dowex-50 1N ammonia—2-2 (compound 1), Dowex—-50 1N
ammonia—2-3 (compound 2), Dowex—50 1N ammonia 4-1 (compound 3)oll CHaf A NMR %

ESl-mass spectrum= £HA3510] stet7=x=& HW@e. 25 A oA S ofeffe| oo TA[E
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BS061 (Shaking, 10 L)

Centrifuse 6000rpm, 15min

supernatant

pellet

| Fittered with filter paper

HP20.2.C.

| Eluted with acstons

pass acetone
| | Partitioned with EtOAc
Dowex 50 C.C. | |
| Etuted with 1N smmonia D.W. EtOAc
| |
pass 1N ammonia
| |
Trilite AW 300 C.C.  (ellulose C.C.
| Etuted with INHCY
|
pass IN Hcl Efuted with IN ammneia : IPA =0:7 - 3.7
| | | | |
1 2 3 4 5
| MIILC |
MPLC
0-30% M=0H gradient | 0-60% M{=0H gradient L | EE?JLS .Sm T
| | | | | 20 W .|'o; 1B
A B 1 2 3 4 33 e
(173.6 mg) (23.6 mg) (41.3 mg) residue
| e
phenylalanine  tryptophan lysine
<20| a7|2H 3 (Sphaerotheca fusca) 2ot AX =2l MM TIX>

> EIIRWT wot A

7.44 (1H, t, J= 7.5 Hz), 7.39 (2H, d, J=
&n 4.05 (1H, dd, J= 8.0, 5.2 Hz), 3.35 (1H

Compound 1 (DOWEX-50 1N ammonia—
Compound 12 D,00 =01 'H NMR spectrum

=29 =&4=xE 24

EEESR
x5}

1O =

Job

2-2)<]

% fob

~

8.0 Hz)ollA proton A7} ZEHE ESH negative moded|M ESI-massE £H
ZHEtElof EX1Z0| 1652 =elet. o|Ate] A Z 1} compound

164.201lM [M-H] o= x| 37}
£ phenylalaninez2 Ha gt

=

209

208

1.00

I
3.2 3.Bu(

LA EARAR BAMAA bbich RN bt AN SRR Ll bih LAt LRSS BN RLAD Rl Rkl S RASAN SARAA LSS bl RARAD BARAS EARAN SARA RAhd bkt LALAN RARAY LARRY Load RS MAbhs RASLRARAN AR WAkl WAkt RARAR LERAS LSS LAMAY
'G5 TATIT2T1 70696867 66656463626160595857565554535251504948474645444342414039 383736353433

e e e e e

<Compound 12| "H NMR spectrum>

AW

o
=

>

368
358

4800—
4058
4048
4042
4032

3
3
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23t 8, 7.49 (2H, t, J= 7.2 Hz),
6.9 Hz)lM phenylZ|oll 2§t aromatic proton,

,dd, J=14.6, 5.2 Hz), 3.18 (1H, dd, J= 14.6,
st 23t m/z



x105
1.8 164.20
1.6 177170
1.4
1.2

1

0.8
0.6
0.4
0.2

0 A A A
130 140 150 160 170 180 190 200 210 220 230 240 250 260 270 280 290 300 310 320 330 340 350 360 370 380 390 400 410 420 430

<Compound 12| ESI-mass spectrum (negative mode)>

0]

OH
NH,

CoH11NO,
Phenylalanine

<Compound 12| s}&r=>

- Compound 2 (DOWEX-50 1N ammonia—2-3)2| st&tt= A4Y

Compound 2Z D,00l =0{ '"H NMR spectrume =&t 7E:'F—P 84 7.78 (1H, d, J= 7.5 Hz),
758 (1H, d, J=7.5Hz), 7.36 (1H, s), 7.33 (1H, t, J=7.3 Hz), 7.25 (1H, t, J= 7.3 Hz)0l| A
&t 72| 1,2—-disubstituted benzenedllAl FeliSh= aromatic protonS Z&sk= 5702 proton, &y
4.09 (1H, dd, J= 8,0, 4.9 Hz), 3.53 (1H, dd, J = 15.5, 4.9 Hz), 3.35 (1H, dd, J = 15.5,
8.0 Hz)oll A proton |37 2kEHEl ESH negative modedlM ESl-massE A& A3t m/z
203.30| Al [M—-H] o2 x| 37} 2HEH=|0f I:'KFEtOI 2042 =telet o|Atel BA Z 1 compound

2E tryptophan2 2 =& &t

110

1.01
1.00
{ 53
1.00

<Compound 22| "H NMR spectrum>
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x10°
203.30

45 48460
4
35
3
2.5
2
1.5
1
0.5 k
0 A

130 140 150 160 170 180 190 200 210 220 230 240 250 260 270 280 290 300 310 320 330 340 350 360 370 380 390 400 410 420 430
<Compound 22| ESI-mass spectrum (negative mode)>

0]

OH

NH,

Tz

C11H12N20O,
Tryptophan

<Compound 22| Z}st4=x>

:LI

— Compound 3 (DOWEX-50 1N ammonia—4-1)2| atst+=

Compound 32 D,00 =0{ 'H NMR spectrum= =& st 7EJ_'-F 6H 3.33 (1H, t, J= 6.5 Hz),
2.91 (1H, t, J= 7.5 Hz), 1.62 (4H, m), 1.37 (2H, m)olM proton & A7} &&H= E5H 3C NMR
spectrum= EH st Z1} §¢ 181.001AM S+ 7H2| carbonyl carbon, 8¢ 55.40A1 &t 7H2| methine
carbon, 8¢ 39.4, 33.0, 27.3, 21.90flA Ul 7H2| methylene carbonO| Zt&&E. EESH positive
modedllM ESl-massE EX™St Z23F m/z 1470l [M+H]", 1690A [M+Na]® ol Z 37} &
=0 EAtEOl 1462 2telet o|Atel EA Z 1 compound 32 lysineLZ2 S8 et

205

B - W L

TIXTITTTeTy T AR Rl RAA] Laai T T
5[}494‘64?4(4‘444 4’-“40151 537 (3‘ \4]}33}]E,E}L’QESZ?JGE,SE.AE}ll’I (]IWH‘(J'F'J(ISLJ[w

N ,ﬁﬁ%‘/\\ /T%'\\

4800

<Compound 32| 'H NMR spectrum>

_20_



T T T T T T T T T T T T T T T T T T
900 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 E0.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0

<Compound 32| C NMR spectrum>

x106
147.00
0.9 970438
0.8
0.7
0.6
0.5
0.4
0.3 169.00
0.2 193613

0.1

130 135 140 145 150 155 160 165 170 175 180 185 190 195 200 205 210 215 220 225 230 235 240
Counts vs. Mass-to-Charge (m/z)

<Compound 32| ESI-mass spectrum (positive mode)>

0]

H,N
OH

CeHiaN20y Ny,
Lysine

<Compound 39| stst4z=>

<Bacillus sp. BS061 T2} Mt =dHo| FF2| lipopeptide MM s 3 SlJ|F8 &
=]

A

A
ol Bacillus sp. BS061Z} UV-mutagenesisE &5+09 2HE S 97472 Soido| #F
_I

el
= sttt 2 MEEMS 1125101 MEsH #F BSM-189, BSM-216, BSM-320, BSM-398&
Hi kSt = lipopeptide Al &M =22 MMOIFEE H|Weh = HfH 100 mLAl HCIE &7}
Sl pHE 1.022 %&E T 4TCoA 12A12F SoF M X|5H0] lipopeptide A =S ZEXAIZ]

<, 3000 rpmollA 1527 AAlEE|sto] EMES 2tEE. EHME2 HEFESH E35l5H0q filter
paper2 ZESt F|, HPLCE 0| 85101 =22 248, HPLC 242 ODS column (TOSOH,
i.d. 4.6 mm X 150 mm, 5 um, TSKgel ODS-100V, Japan)& 0|25t 3 mIZ2 s5s A&
10 uIE FLE. o|sA2SZ= 5% acetonitrile/0.04% triflouroacetic acid2l acetonitriieg 0|2

Time (min) | 5% ACN+0.04% TFA ACN Flow rate (ml/min)
0 90 10 1
80 0 100 1
85 90 10 1
90 90 10 1
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HPLC &4 Z 1} retention time 25-35&, 45-55&, 65-75& AlO|of|AM Cl=29| m| 37} BHatg|
loni, retention time2L 25 E 0|= 22t Bacillus 0| MAtst= T EX 2l lipopeptide Al &4
=22l iturin, fengycin, surfectin@ 2 EEHE[I20{ BSM-189 #F = iturin Al 2| atet=2

0= 0=

ASHX| bk surfectint fengycin A€ 2| 20| 715t 204, BSM-216 #F= iturin Al 3}
gr=9o| 20| &7te. BSM-3202F BSM-398 # 3= wild—typeZ} H| =St lipopeptide AlYE &=
RS AHASH
== oo 3.
15007 —gAgFEe
10001 Wild-type BS061 | ..
01 I . | S IS I
0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 8 90
1500 —sz==m—

10001 BSM-189 |
gsof V0V e |
OML Lo [t §

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 8 90
0 T _ _ _  / F/);™
ik BSM-216 |
%SOOM ———

0] N DTN ] |
ool 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90
- BSM-320
T ’

0 I e | (! R |
0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 8 90
1500 —sm8emiin ——————————————— =~
1000 BSM-398 |
0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90

. iturin class : fengycin class . surfactin class

<ATFF Bacillus sp. BS0612} MuEtEl E480| #3F BSM-189, BSM-216, BSM-320,

BSM-3982| lipopeptide A &F=Z2| HPLC profile>
» AT Bacillus sp. BS061 332t MutEl Sd{o] 4o &IIFEY A A3

32l Bacillus sp. BS061Z} UV-mutagenesis& £350{ &HE 5 974712 EdH0| #F
E g 2 MsEMS 8dsto] Must #3F BSM-320, BSM-3982 i et = EIJIFE <
Megds e daFet =0l Fof tigh a7ty Ax et ZabE ofefe| Fol et
O Z1f BSM-320 # 37t 7+& 5ot 283 LiEfY | ESH BSM-320 #FE &2 FIt
Moz UV-mutagenesise T 3H0] 9702| colony (BSM320-1~BSM320-9)& MEtstiond,
ol=2| &M 3 oYM 2 TAHC=ZE IEst x(FMe=2 ol 224 F &M0| 55t
o 2F A X7} H2elo] FLSHA MEStn] ot Mol =2 BSM320-7 AT & 2T AMHs #F
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<;TF Bacillus sp. BS061 TF2f MatEl S¢dtio| a2 2JIRY A &M>

Treatments 2 T (%) S 7H%)
DW(control) 97 3
BTH 66 34
BABA 75 25
LeCSM(control) 84 16
LeCSMS BSM-398 16 84
LeCSMS BSM-320 10 90
LeCSMS BS061 13 87
LB BS061 13 87
30% Azo>‘<ys.trobin;+difenoconazole 0 100
1/1000 dilution (A =2
<BSM-320 oF 24} S¢dH0| dF2| 20[|EIJIFH X =HAH>
x 2| ST (%)
Water 97
BSM320-1 43
BSM320-2 15
BSM320-3 17
BSM320-4 11
BSM320-5 13
BSM320-6 12
BSM320-7 10
BSM320-8 14
BSM320-9 16
30% Azoxystrobin_+difenoconazole 0
1/1000 dilution (EHM 5%
» 90| BSM-320 #FEFH EIJFEH AX=Hel Z2) H FH
2133 Bacillus sp. BS061 @#F7} A”’S?PE SI7tRH A dol AN SR 2 oln| Mo 2 Fn“jd
. = OJ—TLOHH“ =¢H0| BSM-320 &= =gt =tet=Eol 2|5te &M 2 LEIHEX =
2ol cte = 2ot 5 LHEH EF% SV Ci*.?HI':"_"OI ZEMSH=XIE &elst| -rI

stof giote °*x1|=""° TESHLAL 2. =eiH0| BSM-320 @ F& 500 mLe| Mufet iX| LB
brotholl T&et &, 27°C, 120 rom22 127+ Wik b 25104 .:.O_OE ALEEE 2 k2 wa
2t et LB HIAIE 1 L ot E2k230] 500 mL &4 2535122 1.5 7| 121 C=2 1622 1

Asto Mz=EF Mz=E s X[of M 2kt BSM-320T HH%@.'E scia3 o 5%(V/V)°| °k°§
HES = 27C, 120 rom22 37 TE 85101 & 10 Lof YU S HS. Hik = 6000

romoil A 15'2'7J HralEE[st] EMES Bl MAEHS 3._F o filter papergs 0| & 0F04 i
et ZE{gt oMo ethyl acetateE F7t5t01 ol 2&lst & MHAM S Fst¥en, O &
I 25(23-H320 D.W.)ollAl &l7tZ4 x| &Mo| LiEtgon], eMZATE olziof| LIER.
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rlot
d
T

<=AHB 0| BSM-320 Hl 2L 2| ethyl acetate S0 2& =2 20|
o dhot oM &>

—

Hel7 2T S 7}
DW 100% 0%
23-H320 E.A. 100% 0%
23-H320 D.W. 44% 56%
=28 0% 100%

m2te, 2Z(23-H320 D.W.)2& S Fo|2mstX|2l Dowex—502 O|&3H01 column
EZ&20l= 1N ammoniag AtEe. 11 Z3 & 47l 9|

chromatography& &3t 20, & 23
(23-H320 D.W. Pass, 23-H320 D.W. E1, 23-H320 D.W. E2, 23-H320 D.W. E3)=&& &&

steieni, zt 220l tjstof 27T EOP AM gE “47P°F 2= otz #3.

<Dowex-50 column chromatography 22/ 22| 20| &l7|24 4 go}l AX s>

el E SEx| 7
DW 100% 0%

23-H320 D.W. 1000 ppm 57% 43%
23-H320 D.W. 2000 ppm 70% 30%
23-H320 D.W. 5000 ppm 45% 55%
23-H320 D.W. pass 1000 ppm 83% 17%
23-H320 D.W. pass 2000 ppm 87% 13%
23-H320 D.W. pass 5000 ppm 53% 47 %
23-H320 E1 1000 ppm 63% 37%
23-H320 E1 2000 ppm 62% 38%
23-H320 E1 5000 ppm 43% 57%
23-H320 E2 1000 ppm 77% 23%
23-H320 E2 2000 ppm 55% 45%
23-H320 E2 5000 ppm 25% 75%
23-H320 E3 1000 ppm 57% 43%
23-H320 E3 2000 ppm 43% 57%
23—-H320 E3 5000 ppm 7% 93%
& 2k(chemical) 3% 97%

=2 gl PSS P23 H320 E3 5000 ppmollAl 2I7tFH do| 2otE 25 dMsi= AE &

oI5t 2of, ==Ak TLCOIA] ninhydrin Ao 2 gHMsE Aol EEMoz dhMel2 o] ofo|
At AGo| MBS LIEMY  mp2lM standardZ tryptophan, lysine, phenylalanine, tyrosine
2 Al235104, 23-H320 E3 £&lof| tf35to ELSD detectorS 0|25t HPLC M8 e 24
Z0tE ofeff OBl Aoy, EAMA 1L 35 2| oto| Ak lysine, phenylalanine, tryptophan
o] =xjets &kolst. £5] lysine0| 23-H320 E3 2&lol 2 MRS 2olsigon, w2t F
MM F0| lysine = i—..JE*
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=]  4F amino acid HPLC spectrum .
rp

= Phe

a [ 2 3 - 3 B T a a m T = 0 P & " "

-=! T4F amino acid ELSD spectrum

s

K

o lysine
-

)
L]

NEER

+==1 T BSM-320 E3 fraction ELSD spectrum s

NWI w lysine ks

= — = 'y = = = &

HPLC condition

Column: COSMOSIL 46ID x 130mm

Method: 10-40% acetonitrile gradient method

rmunning time: 22 mins, flow rate: 1 mL'min, DAD detector.

<ELSD detectorg &&st £&& 23-H320 E32| HPLC chromatogram>
h2bAf, 23-H320 E3 =22 FMEQl lysines =2lst?| ¢I5t0d E&EZ0E isopropyl
alcohol (A)Z} 1 N ammonia (B)E AFE235I0{ A:B2| HIES 0:10FE 3:77IX| =AM O 2 TIHA|
71 cellulose columne 0|&¢t MPLCE Z&le. ESH 50% methanole 3&30HZ 0]-35}H0]
Sephadex LH-20 column chromatographyS & stol 22|e. 22/= 3et=2 ESl-mass &
M S Sdll wild-type Bacillus sp. BS0610|A F2|et lysinedt St gt 2 =elstand,

-1 =

MEEae 582 221 +49.9 (c= 0.1, MeOH)2| gt2 HEHHO] A= L-form22 L-lysine2
2 nyE. £ot, 222 el =4d=2l lysineg H| X2 tryptophantt phenylalanine & 3% olo]
wote| EUtRY AN 24E 20| Ateddol MdEe Soff #elsien], O Zat= ot2fel OH
1 oo, ojde Zat 352 oottt & F HYHE0| L-lysined S Frel.

-

SI7tFHE dNste 2dHdMHE2 L-lysine2Z
AYHEAS. W2 HE2 &5 HHMH S 2510 lysine2 0| st A gfHo| gl Al A
T2 T AMHE A3 HjgMe| &5 AYHS /T QC EAMHES RIstiA SdHo|F
BSM320-7 32| Hj¥MH S A2 Z ELSD detectorg O|&sH HPLC &4 &S Jjgel O
Z23t L-lysine?| 24 2HZ gEld = Ao, =EE EMHE 2Zste| =dEHo|F
BSM320-7 HfAollA lysine2l HE =42 AAE. =MEHE= ELSD detector,
o
=

autosampler L-2200, pump L-2130 25t 20{, L-lysine standard A|2F2 sigma—aldrich
AL2| 56-87-1,297% &5 A& EZE=Z 6.26 mgoll 3FF 10 mLE €0 630 ppmel s &

OtE =, 22 3[4 (470, 250, 235, 156.7, 117.5 yg/mL)st0d FEEUS M =s5t04 ofelf =21
o= HTEMS U
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&= =2
2124 AKX 5 um, &ZA 4.6 mm X 250 mm, CAPCELL PAK
=" Cis, OSAKA SODA, Japan
T 10 ul
O|=AH o4 A HEZ B : 3X %%—4\—+0.04% TFA
100% B for 16.5 mins, 1 ml/min
AET| ELSD detector

EZ2Y |-lysineDt S¢1840|F BSM320-7 bt = EAI5t0{ ZHEEl peakE &olg =,
L-lysinel} E21t10|F BSM320-7 Hi LMol A 2k 620l peakZt HEE0 St 222 &
Olst Z{0|F BSM320-7 HH 2kHO||AM FH peaketel Talﬂ 2t 5| O| RO RS &oleh. =
st XM E HIL5H7| £510d L-lysneel A& == 117.5~630 ug/mL HlolM 33 HH=35}04

sl EAMAD R’E 0.9916, = 99.16%2 EAMAMe =ols £ Udor

tei et Zol| A =fet

(@]
QO
o
=
S
o
-]
(@]
(e
2
D
mju
ol

Goodness of fit (r*2):. 0.9982 -

e T S s =

sern

12

o AIMAME LIEFHA calibration curve>

=0180|F BSM-320 H 2FHe| [ —lysinel| WA &t&2 25.127+0.865 mg/g2 2 LIEtH. H
ZHEAM ZuE E2 Melsifen, EAZIE otgf D822 TAg

Aerdz o) szy | Aeed |ww | Do
ug/mL L m =<
(ug/mL) (mL) (9) (mg/g) (ma/a)
BSM-1 253.871 1000 9.9662 25.473
25.127
BSM-2 258.219 1000 10.022 25.765 | " oo
BSM-3 241.227 1000 9.9921 24142
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Name &
500 ; 500
e 250 250 B
| (Y AESNY PN [ (Y L] PRSI T P Lkl | L | LLd
1 | A | 5 A | . =] 3 S i (VS O ] 1 )
0.0 o5 1.0 1.5 20 2.5 a0 as 4.0 a8
Minutas
AID Results
Name Retention Time Area PPM
lysine 2.847 2033605 258.219
Name s
500 = 500
2 ey 350 ¥
| 1 [ O O e - e O ) O [ | ) LT | ] |
o< | [l L 1 .I 1 : I. | | I. ik E | | il I. | [}
0.0 05 1.0 1.5 20 25 o 35 4.0 4.5
Minutas
AID Results
Name Retention Time Area PEM
lysine 2,853 8719806 253871
5001+ 2 500
£
£ 250 - 250 ?
Ju | [ | Ll |- [ | 2o S e O | l | | ot | |
o1 | I.I i ) I. Ik § ] II | I.I 3 | II 1 | II 1 -0
0.0 (3 1.0 15 20 25 o 3.5 4.0 4.5
Minutas
ATD Results
Name Retention Time Area PEM
lysine 2853 ROGRORS 241227
<L-lysine MEH=EMZ [t HPLC profile>
<BZo| FF YYS=RE 20| HFIITY AFESH >
2 o FOlAE HE SEES J|HoR B A FFE 0|3 HUIRY wHH o s 2L
O tcHAtAE wef V7IFH A S22 &M MEME A = A= HH DEH 2 A2
A5t T A MEMs 2ZESH BHAMIAoL} HRAH AT MAStE MEAHC
surfacting &t st @37} olo] Matsts HE FIHAQl A& TSR] ALt ZEo| o3 v
YHOBHE AP 20| HIIRW AMEIES WAR. T 20015 FREY BLo| vjYYS
ethyl acetate2 F&E8 & FE=2 20| &JIFRYH dMEds A3F2ldst 20 5F0
Perenniporia fraxinea (OF7tA| 2l FHE{A )M 20| Sl7tF8 oAX atdo| LiEHY . m2tM &M=

22 =, M5t sttt x=& e

» Perenniporia fraxinea B FH 2 £ E{ 20| &l7tFH A Lot AdMESEe 2 & A
Mek A2 of7tA B THEHA Fel SEH0| #FE potato dextrose broth (PDB) Hi X[of| &
& Hf S0 8 Lo Hf UM S SHE T HfUM S ZFFo l acetone2 =2 24A|Z2t FET FEES 0
st & oo s 24t mE5101 acetones MHSH Tl ethyl acetate2 =24 F&EH. Ethyl
acetate T2 4 5F5t0{ chloroform : met hanol (100:1-0:100, v/iv)& &30 E ALE
5101 silica gel column chromatographyE &gt £&l& & chloroform : methanol (5:1, v/v)
222 558 T 100% aqueous methanol2 & &2 AlE35H0{ Sephadex LH-20 Column

[
no
~ 0
[



o o <X O

chromatographyE &8st & 5% aqueous methanol, 2% aqueous methanolS & 2012
preparative HPLCE #=&5t0f compound 1 (37.8 mg)2} compound 2 (6.8 mg)E Mg &
2l & chloroform : methanol (20:1, v/v) 288 58t & 0—100% aqueous methanol
gradientg &30 2 ALS5t03 MPLCE & $ %= 13% aqueous acetonitrile2 S&30H =2
ALE 310 preparative HPLCE & 5+03 compound 3 (4.3 mg)2t compound 4 (25.4 mg)E &
Mot & 4712 stetE2s MM st 20] otef O8loll MH oS TAIE. Eot 22|t 470 3
stEol st x=E HY3sH7| €15t CD;0D, DMSO-as0ll =01 'H NMR, '*C NMR §2| 1xtel

NMRE H|Z35to{ 2xt2l NMRel 'H-'H COSY, HMQC, HMBCZ =X35to{ sfAigh. cEst
ESl-mass 242 st et x=E =2elet 4749 slgtE & dHe=z2 FHE2 compound
130} 49| EVtRHF wot AxeMd S A 23 1 mg/mLel SEolA 42% HEol XN
= LtEHH.
Perenniporia fraxinea 18071310 SH (8 L)
exiracted with acetone
pariitioned with ethyl acetate
Ethyl acetate laver (3.5 g)
Silica gel column chromatography
chited with
chloroform @ methanol = 100:1-0:100
Chloroform : Methanol=20:1 Chloroform : Methanol=5:1
Reversed-phase MPLC Sephadex LH-20 column chromatography
130 g €y reversed phase 15 ml/min eliited with only metanol
eluted with 0-190% ag. methanel )
Fr. A (86.0 mg)
Fr. B (64.0 mg) Fr. C(78.6 mg)
Preparative HPLC
Cyg 10 150 mm 3 mbmin Preparative HPLC Preparative HPLC

ehited with 13% aq. acetenitirle .
Cig 10 % 150 mm 3 mmin

elnted with 5% aq. methanol

Cig 10 x 150 mm 3 ml/min
eluted with 2% ag. methanol

3 4 1 2
(4.3 mg) (254 mg} (37.8 mg) (6.8 mg)

V29 A (Sphaerotheca fusca) 2ot

o

<Perenniporia fraxinea i FH S 2 FE 20|
oAX =2l MA npE>

» Perenniporia fraxinea HlFH S 2 5 E 20| E7IFHA ol AXM S| sletvx &4

— Compound 19| ststt=

Compound 12 CD;ODAl =0{'H NMR spectrume =Xt A1 8§, 8.160|A1 aldehyde
proton, &y 7.37, 6.750A Ul 7H2| aromatic methine protono| Z&H=E! *C NMR spectrum &
=Xst A}, §c 161.40A &+ 7H2| amide carbonyl carbon, 8c 155.70A oxygenated sp?
quaternary carbon, 6c 130.90A sp? quaternary carbon, &c 116.5, 123.10lAM 4702| aromatic
methine carbonO| ZH&HEl. HMQC spectrum2 =X 35t0 proton—bearing carbon (') Y
g = AJYD, HMBC spectrum= ZHoto] sfAMst Zal, 2tz2te| protonZHFEf HEE
long—-rang correlation@ 25 & =2 atetE2| sttt =& 4-Hydroxyformanilide Z2deh. IS
ESlI-mass spectrume £& st A1}, m/7136.00lA [M-H]™ 2%} o|2 |37} &tat=z|o| EXI2F
0| 1372 =elst D EAMA0| C/H/NO 2 2Heleh. o= NMR 22240 2|sto] ZH = =t

a= 1L
stpxEel MEs| YAISIHON EMAIe stETEE ofeo TAIE
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<Compound 12| "H NMR spectrum> <Compound 12| *C NMR spectrum>

v S a 5 r . :3 . 3 3 .I.,,!
I } H I uﬂ r l } H I »H '

"
JPEEI-NOBUVD I-HS 01E1L0S T
1
“
il

* o

L]
L - 4
<@
©
&
—

= 2
(-]

AASARaasssanssnaate AARs ARSA RaAsRRaLES RaRs A Bess s RS e Aaase) T Aaaaanasas 3 T
W6 85 84 83 82 NI 80 79 78 17 76 75 74 73 72 71 70 69 65 67 66 63 10 20 30 4.0 5064 88 87 86 85 84 83 $2 £1 80 79 78 77 76 15 74 13 72 T1 70 69 68 67 66 65 64D 10203040506
X part per Million : Proton X: pars per Millon : Praten  (thousandihs)

Y = parts per Millio
170.0
e

<Compound 12| HMQC spectrum> <Compound 12| HMBC spectrum>

0 1 |51 Scand (4 553 min) Frag=150.0 18071 3105H1 (N) 4

38
258 136.0 NH

) 7
15

04
. IR || R |

05 &0 70 80 a0 100 190 120 130 140 150 160 HO
Counts vs. Mass-to-Charge (mfz)
<Compound 12| s}&r4=>

<Compound 12| ESI-mass spectrum>

- Compound 29| stst=

Compound 22 DMSO-as0ll =04 "H NMR spectrume £& st A1 MZ CIZ intensity® 2
= 5 set9 signalo] ZEE|Ion{ o|= 1:0.339 B2 = EZTE9 EME LIENfU M
HPLCZ= 22l=X| 25, FMHE2 64 9.870A & 7H2] amide proton, &y 8.160 A aldehyde
proton, &4 7.36, 7.35, 6.760A1 M| 7H2| aromatic methine protono| Z&E. C NMR
spectrum= EAet Z31}, ¢ 158.70A1 St 7H2| amide carbonyl carbon, &c 152.00i A
oxygenated sp? quaternary carbon, 8c 129.3, 126.0 ollA sp? quaternary carbon, éc 122.3,
119.6, 116.00lM 37H2| aromatic methine carbonO| &&=, HMQC spectrumS =X 35H0d
proton—bearing carbon2 #H e = AR, 'H-"H COSY, HMBC spectrum= =X 50{ off A4 5+
A} 2H2Eo| proton2 Z2HE| ZHEHEl |ong-rang correlation@ 22 E 2 3teE29| et xE Al
T ste=E2 Z2de BHMEE2 sy 9.810M $F 72l amide proton, 8y 8.510AM aldehyde
proton, &y 6.95, 6.91, 6.750lA4 M| 7He| aromatic methine protonO| ZHEFE. 3C NMR
spectrum= SAst Z3}, 6c 162.501M St 72| amide carbonyl carbon, 8c 153.10{A
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oxygenated sp? quaternary carbon, &c 129.1, 125.80llA sp? quaternary carbon, &c 121.
118.8, 116.80M 3702| aromatic methine carbonO| Z&E . FMHEI FMES HHFZT
'"H-"H COSY, HMQC, HMBC spectrum= siAist Ao} Z+2 WM x| rotamor2 FH &
&t HR-ESI-mass spectrum= & ¢et &
Ztz|of ZX}EFo| 272202 =olst 1 EAMA 0] CiaH12N20,

o| 5104

©

3

FRorr

ot m/z 295.0694 oA [M+Na]® &4t O|2 =37} &

ol 3to|s
2l= =ftelet

AHE ezt abs| dx(5ten] A ARt st RS ofzfol ZAIE

Ol= NMR Z&=ZAof

ahundee

X : parts per

W

<Compound 22| "H NMR spectrum>

;E : 1 L nk i _5” J | )lk il &7
) ) -
* $ . %
e -
R 4 bos
: 3 _.0'- — 00 0 ' B
=
<Compound 22| "H-'"H COSY spectrum> <Compound 22| HMQC spectrum>
; OH
i ) o g B
00 _ C — O
0 >
0 — £ O
3o ¥ — NH
- 0 Q HN
b o0 HO
5o 1=
— <Compound 22| =}sf7zx=>

101 99 97 95
X : parts per Million : Proton

93 91 89 87 85 83 &1 79 17 75 13 71 69 67 65

01 03 05 07 09
 (thousandihs)

<Compound 22| HMBC spectrum>

- Compound 32| ststt=

Compound 32 CDs;0DA|
proton, 84 7.28, 6.890{M L

=0{ 'H NMR spectrum2

=M%t 21 5y 8.270M aldehyde
7H2| aromatic methine proton, &y 3.780AM methoxy protonOl|

ZHEL=El 13C NMR spectrum= A5 21}, 8c 154.80A1 &+ 72| amide carbonyl carbon, &c
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159.30ll Al oxygenated sp? quaternary carbon, &c 130.50lA1 sp? quaternary carbon, &c
122.5, 114.90M 4702| aromatic methine carbon, &c 55.80|A methoxy carbonO| ZHEHE!
HMBC spectrumeS £A3510{ sfA st 21, 2Z+2Eo| proton2 27 & &&=l long-rang correlation
ozZHH £ sEEe stET=xE /\/—hydroxy—4—methoxyformanilidei ZAysh KB
ESl-mass spectrum= E£&st A2, m/z167.90M [M+H]" 2XF o] | A7} 2H&EE O EX}EF
0| 1672 =telst 1, EXIA0| CgHNO = %.FO.JE OI._ NMR 2Z&4ol 2olsto] ZH =
ststE =2t XM &t3| %ilék‘}&QU# 2MADR} setx=E ool TA|E.

10 SH-4_CARBON-2-8,df

10 1112 13 14 15 16 17 18

i R T Y
' 4 , L A A L
<Compound 32| "H NMR spectrum> <Compound 32| ®C NMR spectrum>
! 10 1 |+ES Seand (8795 min) FrageS0.0V 1807131 05K P14
iy ’ 1679
- 6 333
i ’ : 5
. g
s 4
oo o - g 1833
' be i 3 i
. — ) 1208 10
8 @ . 8502 “ yireY 5692
0 ol AM,_H . T l.ju Lew ‘
o S0 75 100 195 180 175, 200 275 250 235 300 395 0 375 40 435 4B 475
. Counts (%) ve. Mazs-to-Charge (m/z)
o N L
0 o
£ é ,& ) <Compound 32| ESI-mass spectrum>
. L A SRR A OH
<Compound 32| HMBC spectrum> N 0
(0)

<Compound 32| stst+=>

- Compound 49| stst4t=x= Y

Compound 42 CDClofl =04 '"H NMR spectrum2 ZAst Z1} s, 8.270llA aldehyde
proton, &4 7.42, 6.830IM Ul 72| aromatic methine proton, &y 3.760lA methoxy protonOl|
ZHEE 5C NMR spectruma E™eH 23l 8c 159.200A $F 72| amide carbonyl carbon, &c
156.80| A1 oxygenated sp? quaternary carbon, 8c 130.10llA sp? quaternary carbon, &c 122.4,
114.80ll A1 4742| aromatic methine carbon, 8¢ 55.70lM methoxy carbonO| &&=l HMBC
spectrume =M 3510 sA st Anl, 2t2to| proton2 25 E{ &A= |ong-rang correlation2 258
B 2 stgtE9| 3tstx=E 4-Methoxy—-1-formanilide2 Z& & EESH ESI-mass spectrumS

S8 234, m/z302.9014 [2M+H]' £} 0|2 330t BEslo] Xl 151812 Helsig
T 20| CoHNO2S Eolet ol NMR 2ZEAMo ofst0f ZE e ststpzxet Hats| o
x5 o0 EMZATISL S1STAE ofelol SAIE.
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18071310 SH-5_PROTON-1-6 jdf 18071310 SH-5_CARBON-1-3jdf

2 T T T 2. T Y t wJ +
WS 87 Be 8 w4 s 82 1§07 78 77 Te 73 74 73 73 71 70 69 63 67 64 63 64 27 o e e ) ™ oo o0 w0 o 0 o
53 gaass EEz8 7 s s g 2 g
8§ @ Shkaan S5ES 33 B ] = @
X : parts per Million : Proton X : parts per Milfion™ Carbon13 - - -

<Compound 42| '"H NMR spectrum> <Compound 42| '3C NMR spectrum>

1EINE |” i |

' S 01|+ e 478 min) Frage B 0 1607I3H0SHEFL

: _— 2 0

i 178 18428

5

: ‘o- - 12

Lk | X K1} _—

] . ,lb - 1

- 9
439

i B B0 % W WG W0 ¥ oW W

AT M W T W By i 0y I Counts (%) vs. Mass-to-Charge (m/2)

<Compound 42| HMBC spectrum> <Compound 42| ESI-mass spectrum>

Z
o

(0]

<Compound 42| a}st+=x=>
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(M1 SopA: StACHStm Asbsct

<Bacillus sp. BS061 #F<l EAM FH>
X

» Bacillus sp. BS061 32| F&std EM 7

RNA G7|IME S vl EMSH 22}, Bacillus subtilis strain

o

STH AT BS0612| 16S ribosom
207382612} 98%2| H7|AHo

ne
2
o

<Homology of BS061 to Bacillus subtilis strain 2073826 16S ribosomal RNA
seguence>

|dentities Gaps
971/986(98%) 11/986(1%)

» Bacillus sp. BS061 dF2| A&

= AFo| AT BS0612| &3 A2 ZEo|H0| & MAEe 4= U= Potato Dextrose
Agar (PDA)HEHXIE =H|st HfX| ZYoll DFAHFA(Phythopthora capsic) ALtEZEH A
(Rhizoctonia  solan), LFEFMY 3 (Collectotrichum  coccodes), ANE=EY T (Fusarium
oxysporium 2 FAEH (A4 5mm)E 35S YWild 552 £ 2.5 cm €|l X[ &of
1 x 10°2] BS061& 5 wFE5t0] 7 X 142 Fol| ztzte| Helde AL Mg AMa1ts &

L
=]

5
gt O Z2 BS061 Ml HEH2 4572 &0 HAY Dol thsto] 70%0[ae] dA HEAH

Phythopthora capsici Rhizoctonia solani  Collectotrichum coccodes — Fusarium oxysporium

<Antifungal activity of phytopathogenic fungi by bacterial cells of Bacillus substilus
BS061 cells>

<Bacillus sp. BS061 & F2| vjd=HAHol w2 s+ 51>

Lt ol M di i X2 JtE Ol A== AE3F X Triptic soy broth HYX|(TSB,
Triptone 17.0g, Soytone 3.0g, Sodium Chroride 5.0, Dipotassium Phosphate 2.5g, Dextrose
2.5g /2 1 L), Lurina—Bertani broth (LBB, Yeast extract 5g, Tripton 10g, NaCl 10g /& 1L),
2 Mueller Hinton broth (MHB, Beef extract 2g, Acid Hydrolysate of Casein 17.5g, Starch
1.6g, / 2 1L)E A8 FIHE FIHM 2 = b X| EH|(LeCSMS)ZA== 50 goll & 1L
HItsto A20M 80 rom2Z 4A|2F =& LeCSMS HAEE MIHZ|E 7000 rom2 2 24
2|5t0] ZiE S M7HSED LeCSMS2| water extract (WE)2 A& LeCSMS WE 200 mlof|
US 1% A7t6tl, 157|¢ 121C =AM 1522 71 H #5101 LeCSMS WE HiX| 2 ALE
. BS061 M7 L= 1 x 10"/mI2 =M3st0] ztzte| SHx|ulX|of| 50 xS FZEst1, 100 rpmoi|
M 2 7F IR Hi2FeE ZF BS061 Mlde| MHER2 SAMufYH o= TSBO| =2sto] A= M
=& CFU/mIZ ZA™¢E ol == 1 Z2ZM LeCSMS WE + =2 1% HiX|= Triptic soy
broth, Lurina—Bertani broth, Mueller Hinton broth B X|of| H|S}0{, Ml# =7} 100 t{oilA{ 10 HH
o|Ar B7I=US. w2t LeCSMS WE HiX|= BS061 M= i &st=0 A-235t= v X|2Ct &
Aol He =z EehE.

I

0 Hr mu

ot
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<Bacterial density of Bacillus substilus BS061 on different media>

Culture Media Bacterial density(CFU/ml)
LeCSMS WE + molasses 1% 6.2 x 10°
Triptic soy broth 4.0 x 10’
Lurina—Bertani broth 1.2 x 107
Mueller Hinton broth 7.5 x 108

ZtZtol v X E 7000 roml =2 ;A E2|5101 BS061 MldS M7{stl 1/2 PDAEIXIE A7}
S5hod D QtAASID i X| Sof DFAH A (Phvthopthora capsic), SIMEZEY A (Rhizoctonia
solani,)), DEENMHYF (Collectotrichum coccodes,) MNESHY T (Fusarium oxysporium) A
H(2d 5mm)2 HE510] i SFE dAF AMETE =ALE. ofel OB 2 nF W nt A|lE
ST A 2HEZ 5 mm)S A7|oA] M= s X2 S0l MEBst v 2FSHR| 2 v X|
e} Hlwsto] FHo[H A dAL HEAKMESS LIEHH ZdQl. LeCSMS+BS061 HY A 0fA 113
oA A ALK MZEO| Of =0 H|[5H0{ 94%0|AF AN = 20f, LB+BS061 (78%), MHB (40%),
TSB (27%) ECt Efgst &8 S LIEIH . ofefl OB 2 A EEH Ao o M3 AAlgt o=z
M LeCSMS & FZtiX|e} &2 1% =g HiX|= BS061 Hijtnt st &MS NE3HA|F|= O
I FESHH AISE = US A2 7|0E. et oz A== MFHFE MH, TS, LB o]
ME HfX|= o 1Jto|0f, o|MES CHEF oftet of /7 &85 £ 20l0| 5[0 JASF. eHH
Z0o 2 | MBS M=x=g = Ao, 7 248537t

U0l Fl A DM ESF M=o 0l RES ME=Z

o
o

ik Hir
o0 Kl
= >

ol

=
=
A
0

MHB (9 cm) MHB+B5016 (5.4cm)

TSB 7.2cm TSB+B5016(5.3cm) PDA (9cm) LeCSMS WE(7.5cm)  LeCSMS5+BS016(0.5¢cm;

<Antifungal activity on different media cultured with Bacillus substilus BS061>

ofzffel OB LeCSMS & FEHiX|ef HE 1% =2l X|ofl BSO61 #FE Hi kst
Motet viXlofl AlEEYHY T TAIM EHE Yo 835t A MESS =Atet A
I 90% O|ate| oA HEAN STHE LIERO DFAHEH A ¥Fot o2 MIIEQ! A=
Cist &b Mol U= A 22 LEHE . w2t LeCSMS & FZ HiX| oA = D F A ot
ot 2} Ctst AlE Ha o HE Jtse A= AlRE.

—

0 rir
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LeCSMS WE LeCSMS WE +BS016

<Antifungal activity of Fusarium oxysporium on LeCSMS media cultured with Bacillus
sp. BS061>

<ED & F dijXx| EH| (LeCSMS) FE=2| 0|&EHH
LeCSMS WE i X|ofl 2| gt o2 BS061 AP S 2 Set
MEalsto] MS AT sjtH 500 mIE 24 HE27|2el ool

statxl 2M g MAlE LeCSMS WEE BS0612 HESHA @2 thETE LIEHAM, LeCSMS

WE+BSO061= BS061S HEst ujLdAE  Lietd.  ofefel  mol LiEhd  diel  Zo

LeCSMS+BS0612| pHE 6.252 Cf =7 LeCSMS WES| pH 7.25%2 Ct koLt EC dS/m, B4,

ol, 7i2|, olad &, Z& 428 &% 455t 2ot g, vixl ctEde e =35,

Am
02 0x
v

StFond 7000 rpmez2 ¢
MME{(F)ol| 22| 5104 0]

[=]
[N —

IOSg

<Physicochemical analysis of LeCSMS water extracts>

ltems H EC T-N T-P T-K Mg Ca
P dS/m  g/100 ml g/100 ml g/100 ml g/100 ml g/100 ml
LeCSMS WE 7.25 4.76 0.051 0.036 0.102 0.028 0.029
LeCSMS
WE+BS061 6.25 5.63 0.058 0.038 0.11 0.031 0.031
SHH LeCSMS U2l Rall2xel 3% ol28 ZAIRH 22, otefe| Fofl LiEfH PQP ol =
£ EHE £ JIFEX 052 LIEN} oA RalSRel fleMol gle W= HelE

<Analysis of harmful metal ions in the medium>

Analytical items Limited value Results
H|2~As(mg/L) 45 or less Not Detected
ZIE&Cd(mg/L) 5 or less Not Detected
T=2Hgl(g/L) 2 or less Not Detected
=Pb (mg/L) 130 or less Not Detected
FECr (mg/L) 200 or less Not Detected
T2|Cu (mg/L) 360 or less Not Detected
HZINi (mg/L) 45 or less 0.48

otdZn (mg/L) 900 or less Not Detected

<BS061 HifHiX| & 20| 27|FHe| LA Fub>

2L0[|(ZF: WCichy| 20])E AtEo| I o Aol Muist = 2TIFY WHH EUE AS
& goiedol £7| Aol AAE 20| FR0l, 47| TSB, LBB, MHB, LeCSMS WE U7l uiet
M2 32 ZHH4o=2 23] 22 Melet = 72 =of 27tFHe| Hut M g3 ZAtgh I 23} otz

o| ol LtEtH Bi2} 20| LeCSMS + BS0610IM 65%2 YAl &1t LiEH. T 5Fof 8 F o1
XMel FolME B XIE 2 300114 60%2 LA IS LIEH . 0] = LeCSMSOllA Hif 2Fet BS0610] =
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2 o BT el 20| Yol W XEY RI HBE HOZ AIR Hof YO ¥ NEN R
Tof B AHS FYE WY,

ot

Water LeCSMS + BS061 Azoxystrobin &4
<Protective effect of LeCSMS BS061 culture filtrate against powdery mildew of
cucumber>

<Control value of culture filtrates with BS061 against powdery
mildew of cucumber>

Control value(%)

Treatments
TSB+BS061 40
LBB+BS061 30
MHB+BS061 60
LeCSMS WE+BSO061 65
Water 0
Chemical 75

7154 ASHS>

</n vitro 20| &l
20| &7 F He2 Mf7|MAo B2 2lzufeto| 27Fs5t0 HelM = A g &M
AH™o| | o2 3. w2tM 2 7FFEof Xfod 24 AY ZE|A WAA Mz 22 A"sS R
st zlo] el offel TS Kol AE BT WAS ekl HriRd AT
ofsh o] REECI AEA Lol & X BRI JHSE U= BoEol AlBHE
SEB0 20| & HHZ 0|25l S. ofzff el

ol & S
Age sdE. 2 AgolA 20| HrtRwRel ol
Tl LiEkd Bl 20| 20| 9 diskol 20| BIIRHE MBS0 20| BIIRHO| LU
L} LeCSMS BSO061 tH2F i Hz| TolAls 20| &7k WFo| LIEHIX 245, olE
LeCSMS BS061 Hfto{o| 2I7t=H x| gtit e AE S5 AR, ZEXHSE &
Mol M 20| B7l2Hel ABFE olstol W FEI} JHSSIHD, WA xi2| & Eol

M8 Jhset HoR Helgt

LeCSMS BS061 DW

<elBFZ0| o8t BItRW WA RS BHol>
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<BS061 H{2Fuix| & =X} gro} oA =z>

BS061E TSB, LBB, MHB, LeCSMS WE i X|oi| 2 S©oF dfj 2F5t0] HO{ &l HjAo{H S 0|
5t01 Hff ki X| B X} 2ot AX| F1tE Z Al i ko{Hol| Agar 2% E HItst0] £2fo| =22}
A0 25D 20| EJtREAS Aid ZYE HHlo 2 2E| 3|$35t0 20| 1 x 10Y/ml 2 =F
St F 20 WE HE5IL HHIEAE H2 T ZSIEEE |FXISH] 24 AlZkset M S JistD
ZAtghotEsS =Ateh ofelel &= I ZnZA TSB BS0610IM 4%TH 20| &l7fF4Hi0| grotst
of th=+¢l =0 H|5t0 92%<2| ZAl 2ol HAM s LIEMH. CtS2 LecsMs BS061AEZ[ T2
4.9%2| EZXIEolE 2 90.6%2 EX 2ot X E0| LIEY . BS061S2 Hij 2FstX| 22 LeCSMS

LS —

HMe|Fol M= 40%2| ZXL 2ot AxlES £0{ LeCSMS AtAMol = ZX} 2ot X &S0 U=
o=z mEtE. ofgfel dBe 2 AalTolM ZARRE wormo| HAE He BHE & UY

©0{, LecsMs BS0612t s HMe|FolM= ZA Zol X7t 2HEE.

<Effects on spore germination of cucumber powdery mildew by treatments of culture
filtrates with BS061>

Treatments Germination ratio (%) on 100 spores
LeCSMS 29.7

LecsMs BS061 4.9

MHB BSO061 8.6

TSB BS061 4

LBB BS061 12

Water 51.6

Chemical (Azoxystrobin +difenoconazole) 0

E Y ; .

Water LecsMs BS061 Chemical
<Spore germination of cucumber powdery mildew by different treatments>

n
n
ol

w3k MIMEIHE SAsts ME0iStms BS06T HHYF KMo RRE SItY oX A
42g 22l UMD 92 o5 N MyolM e 2 2avo B YYES 2 dTHA
YD Yoo, HH MM SHEst 2t 22 2ol ofjstol 20| BIIRYW TAMLOIES AR
23h= ofelel Hef 5. BS06T M Bo) EEBol wetd 2 mAIwo} oM S S Lich
oo, 53| B2 ME2 5T oENOZ 98% 0|4 ZA Lot oSS LiE, BENoR &
il EApol NEE HEY £E ujYxAYE gRENO| ASeh Ad2]do HEB & UL
HOZ TEHE,
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<Effects on spore germination of cucumber powdery mildew by treatments of extract from
BS061 culture filtrates>

Treatments Concentrations (mg/L)  Germination ratio (%) on 100 spores
B1 500 10
B1 1000 2.2
B1 2000 1.9
B2 500 5.8
B2 1000 0.5
B2 2000 0.6

Chemicals (Azoxystrobin
+difenoconazole)

Water - 44

1/2000 1

<Bacillus sp. BS061 el =¢iti0o| #F BSM-3202| 20|&7}FH Hix| & 1}>
» 20/|E7IFH Y 20| @ HHE 0|88t =HHO0|F BSM-3202| &7|FH diM g3} {2
MEHAM 22 Bacillus sp. BS061 Fell =918 0|F BSM-3202 &1}
A7|E=0| Jlstt AF2 2E. 2 AFoM= BSM-320 #F2| 20[&JIF o
205 ZTAleh 20| E7IRYH SEEI7|MMHFoE ZEAE S sAlslo{otsl= M et HAA
of =t&o| AUS. S5 Z&A = 1
MEAHHO| 27E. & =
Z7| = Qo|EHE
(1) o|MEHf2E: BS320E 2x 108/mLe® =Xt MZFMEZ 1 mIE 1000 ml LB 4 x|Hj X|
of &35t 48A|2+E2H 150 rpm 2 Il kst
(2) Xe|etH: 20[|&7IF %o =7 ZE= 0f Al
A5k BSM-320 LB x|t F siEHMHo| Z+H 20| &M
0

(@)}
(@)
3
tu
1Dl
ALl
ol
2
=
o
tu
lok

A= (Distilled Water, DW)E Set 2oz HMelg A2l 20/ HHs =28 2

ot 3%l oKX E Zgsts &7[(10 cm)ol 221 =12 Z3E5EE FAISH{ 25Tl A

2AIZE T2 S =AISHHA 59 ot EEe

(3) Meldzh: MR 2282 BS061 HO|M oM ZaMo| 48 BSM-398%}
BSM-3202 &fgtot LB MxAHfX[off ui2kstn LB HiFA | MESE= 2 x 10°
cfu/mLE3t0] 1/10 2[A{d g ZiF 20| & HEo| XMzl HHEXFE 10 Y Yy
E 1-5%, 20 g HUIHAE 51-25%, 3. g9 HUHME 251-50%, 4 @Y HY
HME 50.1% O|42= 510 HHITE LHE%H BS0162 LHI 13%2f &HIL 87% =
LIEHG L BSO162 HAMAE 2 15 0|4t E&S A2 Mo MZTL lysisEl& 240
EfL 28X FHoM 2=, BSO16 Hold oA BSM-398= &2 w4l .
Jd2{L} BSM-3202 YHETL 10%2 718 8t Y EnsE E¥en, 27| &Hatshod

T lysis sieto] REEX| piot njdE=set dF 2 HAEe Aoz EuzAS(or E &

[
Z). ofgf 82 20] ¥ disk &R0l 2|5t Me2|FE EIIFEY AMzE HEMH A

o>

—

o2 HET DW HalTE 2019 Eool BItRY ZAIF MHE FHI| o HAE
uhelof BSM-320 HMElTE SJLEH EXb Aol HAEX| elop WA KENO]
SEeL)
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<Suppression of cucumber powdery mildew by BS061 mutants>

Treatments Disease incidence (%)
Water 97
BSM 398 16
BSM 320 10
BS 061 13

30% Azoxystrobintdifenoconazole

1/1000 dilution 0

=9 BSM320 DW

<Bioassay for biological control of cucumber powdery mildew using the infected
cucumber leaf discs>

BSM-320 LB Hi2FH|2| S|MsEH 20(|2JtFH AMZIE ZAtet Z3 1/207HK] 70%
of WM ayt AR2H 1/40 M sToMe 245 SMELIF DoiF(otzf T8 F=E). wf
2FM 1 x 10% cfu/mL olAt & W BN &I =2 Hez FHS £ 2.

1l

BSM320 | BSM 320 1/10 BSM 320 1/20 BSM 320 1/40

<Suppression effects of cucumber powdery mildew by dilution points of BSM-
320>

ol
2 3|4 st 2zt 20|% Disk ZHe=Z X2t = 62 T 20| EIIRYH WHETE FAtet
2t of2fel Ef Z0| HiUo{MoM 32%2] HHEE EFLE MoaMzEZ XMH2|FolMH= 90%
o|ato| LWHET I} LiEtL} Hitofdlel e =H0| &S 20[el7tFY wHAA 0| A2
MMz KMol = 22t7F 2| 810 ol 2 EH115to] oY =AY JHed 77t EeFh
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<Suppression effect of cucumber powdery mildew by BSM-320 culture filtrate>

Treatments Disease incidence (%)

DW 100

BSM-320 culture filtrate 32

BSM-320 bacterial cell 90

30% Azoxystrobin+difenoconazole 1/1000 dilution 0
» BI7IEYH Y disk EHEZ 0[2¢ SHEE =2 0EIIEYH AXd 51t 7Y

Mo EZREH M2 22| 2 2d2M2 22| 20| &Z0[|7| mf 2ol &&= 4

2glgel 20|87tREE Mo THoM M| BIHsE Wt 2 ATolA JHekst
20| Q! disk2Hol| 2|sto 3. MEOjo|A xM=st BSO16 #ef &M F2=S 1000
ppmMEE =Hs5t0o] 2l7IFH ZH 20| Q! disk H®of| X2t = L0[|2JIFY AN sS =ALS
A1 2-4 HEWM wWHE 9% Z 20|&7IFY X2 tE el (ot & &=x). o] Z2o= &
2= A2 E2S 0|80t0] 2lVfFH Ao e 3N o FE AF2|d st=d 735 &=
tsd ZHdo=z AIRE,

<Suppression of cucumber powdery mildew by fractions from BS061
culture filtrate provided by Jeonbuk Natl University>

Treatments Disease incidence (%)
DW 100
Azoxystrobin+difenoconazole 1/1000 dilution 0
L-lysine 90
1-B 75
4—1 81
2-1 41
2-2 56
2-3 44
2—4 9

& BSM-320 ZFo| ujeF ¥ 2

m
=3
’l;\
D

O
»
<
<
ald
M
MHo
ffo
1=
0f0

, | el oot a2t FOHA 0| M A5 Ok

ghextti A2t H M 7= 20| Z£8H=0] A0 7l ElH| 2 785 &8 7tsd.

FOHM & = uiX| E[H|(LeCSMS)2t 2HH 2 S2CHA, L2, Y EAIE A x=dl 50Tl

M 70C A2HATE XSz =2 sEtd Hebyp ghde mas{i SMSe| Elv|st
. _

.|_
|

/7 (a1 —

(composting) THHOA 2Mst= 2| ste™ Hist= pH 6.0 o|&e] AlZMFo| ofst eby M1}

NPKHIZAME1 0|H M ES SIIE 714 Z. ol st Q2 2 0| EHl 2ol 8 = U2nf Z
S(2021)0ll 2|5t0d Bacillus velezensis HKB—15& LeCSMSO]| HfFstod 1 odwd dixof 225
Ht JgS. ol =SS fst0{ 1Ite| AZ35tE o|d= HiX[E ol &5t U0 o|M =52 M =2
MAMETE ASe| 2210] =11 /AT, ol & i Z5H| f5t0d LeCSMS FE=2| o[ d =M 4o HY X[ 2
225 =™ o|dEH ¢ H|ES E0|HM AEHo d520E ot StadeE 7/tHE =
AS. & A= LeCSMSFE=S 035109 BSM-320 #FE i Fsto{ 20|&l7}F48 dix| 5 1}
£ At
» EIOHA =g ¥ dfX| E[H| FHHIX] M= Z BSM-320 #F2| vl ek

EIHAM =& = viX| E[H|(LeCSMS)H=E 50 goll 8 1 LE A7}5t0 Al=20 A 80 rpm2
2 4AZ2F FE51¥en] n|2l 3220 28 ofutEl HAMFEES LeCSMS2| water extract (WE)

_40_



Z 5US. LeCSMS WE 100 mL7} E0 /U= M2 Z2la30| U (Molasses) & otziel ol
7| &5t chet EFARE 1% 8 Itst0d 157|121 C =AM 15872 71 Ede =72 =
Lurina—Bertani broth(LB, Duchefa) HiX| & AtEgt. EFAR0| HEILEl LeCSMS A b X[ofl 1 x
10"/mlel BSM-320 MIZM=Z 50 WS HZS35t 28C 27ZF 150 romoll A I EHH| 24510 M=
T £ colony forming unit(cfu)/mLZ ™% 1 Z3tE ol el Zof LIELA} 20, BSM-320 &
F£ Molasses EFA2 BIX[OAM 4.2 x 10° cfu/mLE 71E =2 MO YUEZE LIEIY o0 2o 2
Glucose, LB, Sucrose =M S. 11 el EtAf2 MAMT FaM0| U= MEAFSZTEIE
HO|X| &S, w2t Z2U D} Glucose BFA2 LeCSMSEI X[ 7} LB Y X[ol| A B k=l Ml A Al 2
THCE 35 LEHE. ¢ ZIZ LeCSMS 2 FEZ2o| MAESH EtAS HIK W™
BSM-3202 &ES8ZXo=Z H| JISE H2Z AlRE.

<Effects of LeCSMS water extract containing difference carbon sources for
growth rate of BSM—-320 bacterial cells>

Carbon sources in LeCSMS Bacterial cells (cfu/mL)
0 3.0 x 10" + 113.7
Molasses 4.2 x 10° + 113.7
Glucose 4.0 x 10° + 39.3
Mannitol 2.2 x 10° £ 30.6
Starch 1.28 x 10° £ 69.3
Xylose 7 x 10% £ 6.7
Sorbitol 6.07 x 10° + 81.9
Lactose 53 x 10" + 6.7
Sucrose 7.93 x 10° + 133.8
Dextrin 9.6 x 10 £ 147.4
Glycerol 6.53 x 10® + 40.6
Galactose 1.87 x 10® £ 70.6
Maltose 4.4 x 10® £ 11.5
LB medium (control) 2.287 x 10° £ 153.8

» LeCSMS & F&& BSM-320 Hj kx| 2| 20[2I7tFH AXx st 7H

LeCSMS & FE=0l 1%2 H2, Glucose, Sucrose EtA20| BSM-320 M MES
= WS =olstQid vt ol = v kAo 20|87 H X g2 72 FH0REE =AM =
2 20|4H 2 diskol| ? HiFHS 1/105]A{ 5101 XHE|stU 2 52 T Q0|&JIFH X
=4 Mz|Fel X2 Tt ¥ =7 ol s FE Hluwgh 1% 2 (Molasses) 7t
70%2| wH S LIEHA2LE 1% Glucose ®7te| A LB HiX|of| v kst 3} S5
HEE LIENY . & 71240 MEE LeCSMS 2 FZE20| 1% Glucoses A
ok Al 7te| H| 20| FetE= il X[ CILE ZHE = US AW ZE EChE.

O_
2190 >

NI
1= o njy T o

N}
_O'L
[m]
Rl |
e
Jol
|0

(0]
HTJl_O
=

<Suppression effects of cucumber powdery mildew on BSM-320 cultured in LeCSMS
water extracts containing difference carbon sources>

Culture media Disease incidence (%)
LB liquid 5
LeCSMS + 1% Molasses 70
LeCSMS + 1% Glucose 5
LeCSMS + 1% Sucrose 30
DW 100
Azoxystrobin+difenoconazole 1/1000 dilution 0
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S =0f 2|5t0f ZZ |0 Jasmonic acid (JA)2F ET (Ethylene)
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& 777t T JAX|TH 20| BILFY ¥ MEd FMAL S0 2HE 7= ol o|&E H]
MM Fusarium oxysporium CS-20 Zo| 2|gt 0[|%E[dAM BHYEM |MX 2SS
Quantitative reverse—transcriptase polymerase chain reaction (QRT-PCR) Mo 2 a = H}
2. Phenylalanine ammonia—lyase (PAL) E4£ AlIE MEZHo| 2ladstol| ZekElo] 20
cucumber pathogen—induced 4 (Cupi4)2 WRKY transcription factors (TFs)= A28 & 7o
ZEE Q0|0 Wi E= g FEAIZ E0E dHE /S, AE HYurso| 2= CsLecRK6.1
= 20| MEgd ZSB0A P. melonis ZEA SN Fr=le= A2 B0 & dHt AZ. =2 H| H
M CS-20 oH7f glof HFE2 PR3, LOX1 2 PAL1o| 2olsf &MsiERion

oxysporum f. sp. cucumerinum 7| X BFE2 PR1} PR30 2ol =A== AWz Leid.
CS-202 &= PR3, LOX1, PAL1, NPR1, CsCam7 & CsCami2 ™K} &
Adoz X US. 20| &JIFHo|| ofst RHMAL YA A ETIFH ZhH up 4
Ho| SA, JA, abscisic acid (ABA) Melof| 2 LOX FMAIES TR Ui RE
HE AS. & 7= S0 ¥ MM FHA}L 2o dH S =22 F10 JUS. 30 M
20| & MEN AL WiHAMS SJIFH ZAHx=A 1 U] H4HXA S 0[Z5+01 gRT-PCR
Mo TAtg ofefe] = 2 dFol AFEE 20| ¥ XM FHEXE EXY + A= PCR
primere| S7|HiE !,

<Primers of defense genes in cucumber>

Target genes Primer sequences
PR F: 5’—TGCTCAACAATATGCGAACC—S’,
R: 5-TCATCCACCCACAACTGAAC-3
PR3 F: 5-TGGTCACTGCAACCCTGACA-3’
R: 5-AGTGGCCTGGAATCCGACT-3’
LOX1 F: 5’,—TTACTGATAAGGGCAAGAAGGCC—3’,
R: 5 -AAAGTTCACAAAGAGCAGGATGG-3
LOX19 F:5’—AGGGTAGTCTTCAATAGCAAGC—3”
R:5’-CTTACATCATTGCAGCAAACAG-3
LOX23 F:5’,—TGCCTCCAACACCTTCTTCAA—C’)’,
R:5'-CTTCCATATCAAATCGCCACA-3
LecRK6.1 F:5'-CGACCACAACGAAATGTCACAC -3’
: R:5-TTTCTTCCACACGCCACTTCC -3’
NPR1 F: 5’—TTACTGATAAGGGCAAGAAGGCC—S’,
R: 5-AAAGTTCACAAAGAGCAGGATGG-3
PAL F:5’—AAACACGTCGGATAAATATGGCT,T -3’
R:5’-CATCCATTCAGGCGTTCCAG -3
Cupi4 F:5’,—TCACTGTGGTGTGTGCTCTC—3”
R:5-ACTCAAGCCATTGCCTTCCA-3
WRKY20 F:5’,—GAAATAACGTACAGAGGGAAGC —§’
R:5'-CAGGTGCTGTTTGTTGGTTATG -3
Actin F: 5’—TCCACGAGACTACCTACAAQTC—S’
R: 5-GCTCATACGGTCAGCGAT-3

F: forward, R: reverse

_42_



Total RNA £e2l= 20| zZgdnt HMadel U2 Fotod U ZE Ao obafstod
TRIzol-Reagent RNA extraction Kit (Invitrogen)2 FZ&¢&. cDNA A2 SuperScript Il
First—strand Synthesis system (Invitrogen)S AFEE. Total RNA A& 500 ngS H7istL
primerE A7}5t0{ gRT-PCRZ &4 & PR-1, PR3 S 20| ¥ X&tMo| 2tH= 105 primers
ALEst¥ e =7 Actin F8AIE EHI2Z St= primerg AFESHRS&. gRT-PCR 32
SYBER Greens 0|-&8t LightCycler 96System (Roche)dllM 2A5t¥ 2nf, HIE=Z2 95T/15
Z, 57C/HE2 40 cycleZ sl¥S. REA Y2 PCR IS E2| AL wZS ofefel 4
OS2 MESIHZ.

0>

ME| R A AP 2/ S R R AR 2
SEApLE Y =
2| FHMALE /T RHAL Lol
AL

12702 primerg AFEst{ gRT-PCR= =aigt Zz}, PR1, PR3, PAL, LOX1, LOX23,
LecRK6.1, Cupi4, WRKY20 XAl &+540| 5ol 208 7tK| S71= 204, LOX19, NPR12
S5 Zho| ZaE. o] Zat= 20|ZHo| ofstod Cieket ¥ Xatd RAMAIE W E = A2 L
Eb=b. Hashemi S (2020)ZF Pu (2014) S<9| HEIollM  Phytophthora melonis, Fusarium
oxysporiumat Z4& Alof| LIEILE B XMEM AL 2He kAl gALsE ZoE ¥RA20i, Oh
S (2014)e Al25 23 SA, JA, ABARI ZE =20 M esi0| SI7te= LOX R ALe 21t &
feb, 2 A7 Z2otE "Higoz2 =948 0| 73 BSM-320 7l =222 B MM RMAL ghad
E

A APE ST

0 >0
Il

0
00|

PAL LOX1 i PR3 NPR1

Relative expressional ratio

o 5 o8 oo o

L 85885
=

LOX19 0008 LOX23
- LOX1(3)

I

. lecRK61 ¢ WRKY20  ©3 Copia. PRI
2 ] - , I
I . 0
l I 0 —
Infected cucumber with powdery mildew Il Normal cucumber

<Quantitative real-time PCR (gRT-PCR) analysis of defense genes in infected cucumber
leaves with powdery mildew. Each gene expression was normalized to reference gene,
Actin. Expression value is the average of three replications and the bar indicates the
standard deviation>

» B—aminobutyric acid (BABA)Az2|of 2 20[A|Z |2 ¥ X &M HIg

BABA+E H|EHH A gamino acid2 aminobutyric acidel O|AZlxo|o &t CHE O|MAM Z=
alpha—aminobutyric acid?t gamma—aminobutyric acidZ7t U<2. CsHNO,2| st&tAls 71X o
Ciekst Al SR ¥ MEd REo oty S oot 210 = (Luna et al., 2014). 1X}H 22
BABAOI 2|st 20|sl7t2H E g ItE ZTAFSH DW X2l=l 20| QoAM= Medxel sylzy Zt
Ho| Mo 2 T 90% O|AMO|AE BHHO| BABA 2000 mg/L XE[= 20[Al2X = e
20% % 204, BABA 2000 mg/L& 2T 5%0|5tZ 20[27tF 40| AX =0f BABA= 20|
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H

all
0%
JO

1Mol S2et A2 St A2 =2 LEHE.

Lrisease index (%)
o

DW BABA BABA
T (20meL) (30MmsL)

(= =
BAHA BAHA
Dw
(0mgl)  (S00mgL)

<Protective effect of —aminobutyric acid (BABA) against cucumber powdery
mildew. (A) Powdery mildew disease index and (B) disease index observed at
14 days after inoculation.The value represents the mean disease index
standard deviation. The experiment was repeated three times. DW, distilled
water. Different letters indicate significant differences between treatments

(p < 0.05 according to Duncan’s multiple range test).

BABAOI 2|st 20|EI7tF8 x| ntrt el Aol st g ofst ZHelX| o FE =A}
St7| 21504 BABA 2000 mg/LZ} 5000 mg/LS =0l ZXt2hol AN ES =Alet. BABASE =&
St= Agar 2%E H7ts5t01 £2lo|EZ2tA0 Test Aol ZHHE HEIOZ2E Q0|EJIFE
A= 34510 ol 1 x 10Y/ml 2 =X st 5 Agar blockoll 20 & FEstD HHZEAE G2
T ISLETE FXIo0] 12 A|ZF F7|2 &g Jtet ZXotgS =AME. 1 Z3b, BABA 2000
mg/L=} 5000 mg/LE A 2|st 20| SlJIFHEIR= Z2H2E 45%, 42%2| LA} gotg2 22X
DWZ XMel|&E E7IFY ZAtEotg 40%2t 7el& el Xo|E EO0|X| 2ot BABAS| &+ A
o|st 20|&7tFH x| 37t ot ZHeS AlALE

(A) : B) | =

Spore germination%)

oW BADA(2000mglL) BABA (5000 malL}

<Inhibition rate of spore germination on different concentrations of -
aminobutyric acid against cucumber powdery mildew. (A) Spore germination
rate following treatment with different BABA concentrations and (B) conidial
germination of powdery mildew pathogen derived from cucumber. Letter “a”
indicates significant differences between treatments (p < 0.05 according to

Duncan’s multiple range test). The arrowheads indicate germ tubes formed
from the spores>

rrh2bA |
agRT-PCRZ

HATollA= <220[AZxo| BABAE Xe2lstd & XMEMFHEA UHBS
Mak 2A0M 43 SoF 7|2 20| o 22t 2000 2 5000 mg/L BABAS T
£ XNalst = 0, 24, 48, 72A|Ztoll 22 A FSH0{ Favorgen Kit (Favorgen, Vienna, Austria)
£ AF23510] Total RNAS F&%&. Total RNA Al& 500 ngS &7Ist primerg H715H0d
gRT-PCRZ &£4¢gt. PR-1, PR3 & 20| ¥ XMaMo| ZHE 2|2 TabledM Z|&= 103
primerg ALEstAU 0] Al && Actin FHEALE =T 2 ALSSt0] otz Alof| 2ofsto X &M

=
—
[=]
(L
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szts E™ e gRT-PCR S22 SYBER Greens 0|29t LightCycler 96System
oche)ollM EAM3FIH O, HF2EH2 95C/15%, 57C/122 40 cycle2 & RTX} szt
e olele Aoz AMESH

MelT RAA WHZUET FHK LHY
FEA Wl =
D2 T RMA LHY/YET KU LY

200 2000 mg/L BABAE X 2Z|et = gRT-PCREAMSZ 0, 24, 48 & 72A|Ztof & X &
4 gaxiel wolgts Fste w20l 420 W APy FUX wHe BABA Hal ®

=2 O =
24A|2b0f JHE =2 UHTE 2Ol LechK6. 1 RFUAE Helet MEd FiA= 484240 7F
g =2 YeEs 2o P7P T2AZHRH et PAL, PR3, PR1, LOX1, LOX23, LecRKG6.1,
WE’K)/ZOEJ Cupi4= 22+ 2.7, 53.1, 25, 2.7, 2.8, 4.4, 0.6 & 21.6 Hie| XMA{Zo| Z7t
=. w2t BABAO P—IEF 20 |°|7F$Hod °—1HIRJ—F" Oo[ l=d71 2®/5te oftet H Metd
FUAtgEo| WWE 204 = MeEMT|Fo datz Y[elE A2 AtRE.

o I : PR3 = PR
a PAT i
on b
L b B : Q8 b
= I i I 40 c
i i 02t |
b ==

= A !
: . . i '

<Expression levels of defense genes in cucumber at different hours after
treatment with BABA(2000 mg/L). BABA (2000 mg/L) was administered to
cucumber leaves with different durations (0,24, 48, and 72 h). Each gene
expression wasnormalized to the reference gene, CsActin. The expression
value is the average of three replications,and the bar indicates the standard
deviation. Different letters indicate significant differences betweentreatments
(p < 0.05 according to Duncan’s multiple range tests)>

BABAE= Xtodol|Al M SIX| b= H| CHHZ ofo|-AtoZ HiO[2{A | BHE|2|of, FEOl,
SF S dHeler A2 WM et ME3d REHzZ 2dHe|st gso 2rofeh(Jakab et al
2001). o|HMol= Algxl 27tF¥HE Mo{sty| f/a chekst 5=(0.5, 2, 4 mM)2| BABAZH AF
=Y, 4 mM BABAZ} EIJIEHo JHA S3Mo|}ctr E1E dHE UF(Zeighaminejad
et al., 2016). Est AF A4S 857 fsi 10-100 mM BABAZ} ARSEUS0f, 10
mM BABA7F gixlof 2nfAQl Ho 2 HIE=/(Pajot et al., 2001). 2 Ao M= 2000 mg/L
Ol Mol M 20[AZH el B XMEd FHAe| w3H0| ‘:5|01 7| 2E1F BABA 7= ANewd
A 2ot ch ROl & LIERH.

2
40
H1

» BABAO 2|8t salicylic acid &

4 Magd fZA(elicitor)= MEAMELSl F=EAMol A= salicylic acid (SA) &
jasmonic acid (JA)2F &2 ¥ XM R MSHMEYEEES A=st0] A w2 L
(SAR nce

FEMEM 2 Systemic Acquired Resistance (SAR)Z} Induced Systemic Resistance (ISR)Z}
ooy SAR2 SA S|EXMO =2 PR-1a, PR-45 E&H6t= pathogenesis—related (PR) & Xt
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X
1 =
of &2 thE PR REUAIE FEsle A= E OEFEH%.

Cytoplasm

| Nucleus

<Salicylic acid and Jasmonic acid dependent resistance mechanism in
plant>

BABAE 20002} 5000 mg/LsT =2 20| Qof X2| 72A|ZF = =S F 501 WA &A= oOf
MSH 10 goll & 90 g2l silicon dioxide2F 90% M EFHE 30 mLE FH7I5I0d F&E3510 FE=S
evaporater& AlEsto] sFe. THFEE2 5% trichloroacetic acid (Sigma—Aldrich, St. Louis,
MO, USA) 1 mL2} 99.8% M EFS(w/v) 10 mLol| X FHEE. 2t FE2E=S DWE ARE5H0d 50
mLZ Z=H35tT 8000 x g (RCF)AIAM 1022+ eAEelet. FE22 MEMU2 Kinetex C18 &
g (2.6 um, 100 mm X 2.1 mm, Phenomenex, Torrance, California, USA)OlAl Liquid
chromatography mass spectrometer (LCMS, Shimadzu, Kyoto, Japan)& Al235t01 SA &zt
S S AN 52 7tsdt MEEel MLUEZE 10-500 ng/mLe s& #H(R2 > 0.99)
o|AZ.

FS liquid chromatograph mass spectrometer (LCMS) 22 EAMHS AIE5I0{ &

SA gl =
._|' J_l|' 2 002} 5000 mg/L BABAZ} X{2|=l 0|0 SA= 3.84 ng/mL2}t 14.1 ng/mLO|
E= g8H - HE2[Z X 22 20[0M= 0.92 ng/mLel SAZF A=E. o] ZIl= BABAZlI 2
|9—| SA MSHME A2 9o|&ZX gystemic acquired resistance (SAR) BFE I} oAtz UASES

AlAbE, 45 | HotA Aol tEA SR SARM ISRO| 2US0{, SARS ZHSIE WelFof of
of ol HAUES Fots A& L2{™ AS(Durrant and Dong, 2004). # XMghd 7

Al PAL, PRT R PR32l L2 WAL &AM Sz, W M FUALES SA

=
ol2d ts MY H2E Sof wE==dl, ol= BABAXME|IZ 2200 SA FHE 7ESte A
2 LIEHY.
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<Accumulation of salicylic acid (SA) in BABA-treated
cucumber. (A) SA standard. Cucumber plants were treated
with BABA 5000 mg/L (B), 2000 mg/L (C) and distilled water
(D). SA 0.92 mg/L, 3.84 mg/L and 14.84 mg/L were
detected in BABA treated B, C and D samples>

AL S

o

\J

alll

F

H gAEn H 4=

Lok

<BSM-3202| LeCSMS =F&Hli%| ufj 2| =20] &
» BSM-320 S AEEH
BS0162| H10[A| ¢! BSM-320 2| &t &d AHEZH S FALE PDA B X[oflA BSM-3209]

AlE WHelM JEO| A solani, C. coccodes, B.cinerea, P. capsici, F. oxysporumol thst st
S35 Z=Alst A3f, 242 82.2%, 89.8%, 85.3%, 95%, 78.9% = A gt

Rhizoctonia solani Colletotrichum coccodes Botryris cinerea Phythophthora capsici Fusarium oxysporum

<Antifungal activity of BSM—-320 on different phytopathogenic fungi>
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2 AF7= TN =& T HfX| E[H|FE =S 0|88 BSM-3202| i1} 0| & &3St M=
st YN E sH22 & M AFoAM LeCSMSEFEHIX|[+1% glucoseol| A AtE5tHfX| | BEC}
U2 Mol AS s S Eelst dt IS, w2t LeCSMS & FEHiX|of| A bl 2FSH Bl 2F0{ o4
2 =3 st BSM-320 @& glucose 1%7F M7=l LeCSMSWE HH X|of| Hff F
Sho{ Hfftofo| skt EtM S ZTALSH BSM-3202 LeCSMS WE+1% glucose (LeG)oIA 72A|ZF
Hf 2F = 6000 rpmOi[Al 102+ YA E2|5t0 MdS M 7St s 2ko{Hol| 19.5 g/Le| PDAHIX|E
HMotstol 1t MAs chS HiX|E M =g BSM-320 Hfjo{do| stz s Elsty| A
B X| S0l P. capsici, R. solani, C. coccodes, F. oxysporum, B. cinerea dAIRHES &4
5mm=zZ ZE510] fAM X E1tE =72t H|Wsto] =AM, M i =F= BSM-3202
USHA| 242 LeGHIX|E ARESI LD, M == LBHiX[2| BSM-320 Hi2Fo{HE X2|gh. O
21t LeG320 HiX[AM ZFF/e AL AN AYHES XSt A3 R solani, C. coccodes, B.
cinerea, P. capsici, F. oxysporums ZtZt 95.8%, 93.2%, 96.4%, 54.6%, 93.7% X gt

LeCSMS+19% glucose

BSM320 cultured
in LeCSMS+1% glucose

Riiizoctonia solani  Colletotrichum coccodes Botrytis cinerea Phythopthora capsici Fusarium oxysporum

<Antifungal activities on the culture filtrate of BSM—-320 cultured in LeCSMS.

Liu et al. (2015)= B. subtilis B1547}V N. sitophila?t T. harzianum, F. incarnatum, F.
solani, F. graminearum, B. cinerea, E. turcicum2 TAIME F2lsHA X st 204, TSB Hi K|
ofl A B. subtilis B1542| B L™ = N. sitophilaoll thet a2l M2 2108 Bacilus sp.oll
% 35t= BSM-3200| L= HAM EH|st= 22 0| ZAFoll thsto] st &uoo} LiEL = Zd%
AVet. Bacillus spp.2l 7ol =™ B. fluorescent= F. udum2 22|33 4700 sxl# &
S LEMN A S0, B. thuringiensis= Meloidogyne sp.7t EOLEO| &8 EM3I= AE &K
1, B. aerius JS-7860| B. cinerezsoll 4= EOIEO|A Al 2t QoM Sl &M &hol
(Slddlqw et al., 2006; Shafi et al., 2017). A Cl7} ClFst *”Eﬁl”“‘%"“x‘" Mabst 5=
velezensis Tch43 2 &7l &M S Solf 20| 2754 S oflut 3 dxe = U= HAMHS
X1 Aot HNE=E(Kuo et al., 2023). B. subtiiss XM2let Solanum bez‘aceumEI
=l H|3ll C. acutatum®l Eﬁtﬁ | F2lstAl Z2EHToro et al. 2017; Cavaglieri e

» BSM—-3202| 20| 27}&FH g &

571782 20/ wMdstE =22 J|MaS=z |-3—HH°hO| %7P;P04 Atoigddiof| M &Y F| BF
20|&I7IF | EZXle| ot AN g2 sFa1E A BSM-320 #F % glucoseE &tfot
= LeCSMS & FZtlfX|of| Hj2F5t0] HjA0{H OS2 20| &l 7}FH o iIF“*OP Ax 22 =AtSH
o, YHUETZE MESE D|dE=52 Allstope AFSSH0| H|EA e DW X 2[7ol 1 3l
758 ZXIEolE0| 56%, LeG (BSM—-320E Hl FSHX| 22 Z)= 50%, LeG3202 26%, =24
=2 20%2| ZXA} totgS LIENY. ofef OB 2 20|87tFHA ZXtol gats EOV‘" A2
o, DW= ZA} 2olzsS 8M5t0 A2} LeG3202 ZAtgtotat Mol M=l HE &ole 5
AS. W2t LeG320 #F= 7oA UA 20| &lI7IF#He ZXjgolE M ZE sred S
LEt = ez =elgth

- H
2
)
x
il

OII ro
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T S L=G320 Allstop
LeG320« Allstop+

<Inhibition effect of BSM—320 culture filtrate on spore germination of
cucumber powdery mildew (CPM). DW: distilled water, LeG : LeCSMS WE
+1% glucose uncultured with BMS320, LeG320: LeCSMS WE +1% glucose
cultured with BMS320, Allstop: commercial product>

71 EJoM IF UH HolM= B. velezensis CES| &Xol E Collectotricum
gloeosporioides2| EX} grotg ZAAZ o0 B. subtilis 30VD-10ll &|&ll C. acutatum| ZEX}
71 g5ll= He %EE(Tendulkar et al., 2007; Choub et al., 2022). B. subtilis ZDO12 A.
solan/e| grotg g IAH 2AHSIF D, B. subtilis LB52| HiF 6{M-2 C. gloeosporioides?t X E| =
A= u*”iﬂoﬂ/\‘l dhotato| HWEsh= sat0| LiEtGten] M Xl dhotol| 2 A QI ALE

%Igl:% |X|X| oLol-j(||:||- '='|'O|--'—|-O| t||7t-IAI-7(-Io§ u.HxI-on1|. E)\|o{| __rLE_I- 8&@ AI:E 7|—AA|Z 7-[
S &olE (Ruangwong et al., 2012; Zhang et al., 2020) O|Ate| Zulz Z Aol AXs2 ¥
e gansE BHEst= Zd§ LIERH 0 o] &2 94722] BSM-3202| R0|&lI7IF 8 #2o| LXK}

I-J_

ot 2= 7| AF S FAte BM2E ALRE. EE?_F #1052 5 x| El8|FE=(LeCSMS)
of Hftstod RES BRVF Ao M2z M H[E 1 5829 oY= st LA o] ] s

Lthztof RE40l US A2z ALRE.

BSM-320= 1% glucoseE &#St= LeCSMS = —T—%HHII B 24| £ I%ﬁPO 20[27tFH
of =7| 4=l Leaf discoll M2lsts LMY M2 & 20| REE AHHUHE FE5H0{ 20/2
7t AMEIE =AM LeG3202 1/108 MUt S AE XM2|F= 2 7F Bofl tHal 10%0l
Ste| HHEE EF L DW2 LeG ME|T= ZH2F 85%2f 62%2| LUHIE LIEMH. MEtA
LeG320X 2| T+= 70%0|&2] LM 2 rE = A2 2elE. ot2fel 82 DW2 LeGXE|F
oM AtHAZLE 20|22} Leaf Disk&tollA 20] E7tFH0| LY oL} eG3202F LM =T

|-|_|II

A B

100

80
60
40
20
0 == -T-

LeG LeG320 Allstop DW LeG LeG320 Allstop

Disease Severity (%)

<Protective effect of BSM—-320 against cucumber powdery mildew. The disease severity
was investigated by leaf disk and natural infection methods after treatments. DW: distilled
water, LeG : LeCSMS WE +1% glucose uncultured with BMS320, LeG320: LeCSMS WE
+1% glucose cultured with BMS320. Allstop: commercial product>
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Allstopoll A= 2I7}24 ghdo] x| = Zdg &eld

7| AFAM B. velezensis 4T Z 20| EJIFHS gHA| St v} A0, B subtilisE 20][0|
Mxelstl ch=+2} | WSt S mf, 0[] ¥ ghdd =2 Cucumber mozaic virus (CMV) gt g
o] ZASIFCI E_T'_E'(Elsharkawy et al., 2022). 1 |, B. subtilis #TE 0|38 M=3stH
B = Cieksh AMlaent ZEo|Ho EPOkoMI {2 El vt 21S. BSM-320 JHEI—TL'.: MO =+
St Bacillus sp.& AFSIUS I 20(2e &JIFY W gy AS T =75, 2 =F0ilA
AMLEE 2AES AR 3ZF2 n|dME8 Rstl /U Cl2 X7 2ot =2 g$Hss 22
AHoz Al2E.

» BSM-32001 2|

LeCSMS WE+1% glucoseoil/ﬂ o 2FSt BSM-3202| 20| EA wolgsS ZAte. XMHelEz 2
0| %—KFS &.'E.:.tHOiI uE = 52 stu = (Hypocoty) Z20l1E A A1}, LeGHM 2|72 Sl
= Z0o|7} 5.61 cm@%P e, LeG|320C> 4.38 cm, DW‘.: 3.89 cm, SAE2 1.14 cm 2 LIEHL.
EEFEW LeG3200| DW<et H|u&t0f 20| st o} 2| MEE0| 2S5t 2L, BSM-320= Hfj 2F
SHX| 22 LeGECI= _FHH M ZE0| 22% X =0 BSM-3200| 20| Atetotof| cia AKX 217}
[ A2 Hoig . diHol| =72 ALEeE M4 25HE 2AHS| 42 1000 XM= LeG320
o H| W SHY S St F0| 74% M = oo 2|7t &M = X| °“2k8. 20| ZA}t tF = 30¢
o LeGE AElgH 0[] X2 32.22 cm, G20 HEZ2 242 13.44 cm, 18.06 cmZ SHE.
LeG3202 Mz|gh 20/ =& 35.26 cm, F&I HE2 242 13.1 cm, 17.54 cmO[AS. O
T2 ABE DWE XMElst 20/ =2, g4, 952 22 31.92 cm, 11.92 cm, 16 cmZ
EME o SAHS A =& Y, @2 2t 12.6 cm, 13.24 cm, 17.3 cmE LIEHH.
ZUMOZ | eG320= AlSMMEI 7ol ZoE =olgt —’F UARS0{, O|= LeCSMSOol| A=
MEAEZXS |°F %'%“éﬂ—'?'— e AE HEEX HE | Zetstn U= A2 HEHE, 20|
EXIE T 42 ¥ hypocotyle| Zol&= DW el 01| 1 3.9 cm¥ e, LeGet LeG320 A 2|+
= 5.2cm@ 4.9 cmZ MESIF 2L}, Allstopl| A<= 0.6 cmZ Hypocotyl AZHo| AlSHA o
M= AS. w2l BSM-320= 20| sl7tEH E'HHI?&I'—F FAlEMSE &5t Rase 71K
= =2s|oM MBS YWHNZ B8 Jl=s Ho

o

(i

A2 MEED &3

[

0o

<BSM-320 3ttt xz|of| wE 20| dEE

Treated Plant height (cm)  Leaf length (cm) Leaf width (cm) No. of leaves
DW 31.9 =+ 4.2ab 12 = 0.5ab 16 £ 1ab 6.6 £ 0.4a
LeG 32.2 £ 2.6ab 13.4 £ 0.6a 18.1 £ 0.3a 6.6 £ 0.5a
LeG320 35.3 = 3a 13.1 £ 0.3c 17.5 £ 0.8ab 5.8 £ 1.1a
Allstop 12.6 = 2.0c 13.2 £ 1a 17.3 £ 0.9ab 5.6 =+ 0.5a

1238667 893%¥ 2345878920123

1234587891!0-1?34:3_

17664321

-
-
-
S
o
~
-
g

‘ 123456789401 234356768292

1'8.7.8 6 & 373 q

LeG320 Allstop

<ypocotyl growth from cucumber seeds treated with BMS-320 culture filtrate>
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» BSM-3200] 2|st 20]2| dtof

LeG320 i S 0|AlZxofl X2|stn H MM RMAL &4s 025 gRT-PCRZ M&F &
Mk LeG320 M XHe|El 20[2 oM PR MRl CsPR1, CsPR3, CsLOX1, CsLOX23,
CsLecRK6.1, CsWRKY202| &t&io| Z7HE. & AFoAM= CsPR1E =70 dH|al| LeG3200]
5.414 ZI7FE. E£5F PA3= chitinases2ll 2|0 7Bl J7t5E6le detS st Aoz 2y
HMAS., 2 AFZINAM BSM-3202 CsPR3 &S 15581 SIIAMZ]I AW =Z2 LIEHG=0
BSM-320 Xz| Al Hex el MEZHS &E5ll5t= chitinasesl| &§0| STtz AlZ2| 4|7
S SAMAF|E Aoz TEHE . BSM-320 i X 2|= 20| QoM CsLOX1, CsLoX23 =T
Ab wsds 2 13.3802F 3.680 BIIAZH20, LecRK6. 12 8.018, WRKY202 7.078 S71E.
Bacillus sp.7t LOX RTAL &S SIHA|ZICIL 5120, B. subtilis7t Mel=E 20| Yol CMV
HE & 2240joll PR FMXIZF S71HEl Aoz E 1 & dHE S (Elsharkawy et al. 2022). WRKY
FHAe Sl =™ AER Ao Ofst HAS FHuA|F|of(Wen et al., 2022), 2ho{ 2
MRte| sl 2 MAIEZOM S7t=0f A= el SARS| FHo| &o{sts He=Z FHE.
Moz & e BSM-320 Hfto{Mo= 20| ¥ XM RMEA HHS REsles RE=
ZXSHE Hoz AIRE.

r

v
S i 4o

A 1

PRI PR3 Loxi
a .
a a
b
b b b
C ; |
= L 0 R
DW CPM BsM320 DW CPM BSM320 DW CPM BSM320
3 LecRKG.1
LOX?3 o N o8 WRKY20
= a
= a
g
E o= b 0 b . ®
E & ) c = - c =
DW CPM BSM320 ow CPM BSM320 DW CPM BSM320

<gRT-PCR analysis of defense realated genes in cucumber treated with BSM-320 culture
DW: distilled water, PM: the cucumber infected with cucumber powdery mildew,
BSM-320: LeCSMS WE+1% glucose cultured with BMS—-320>

AlZXoll elicitors Xzl Al HelAS dMstes MEXEZRC phytoalexing A&
phytoalexin®| &£& 2l phenylpropanoid2 shikimate Mgt t&of 2|$F phenylalanineL 2 £ &
AlZH=E| O trans—cinaminic acid2 M &tz| =0 PAL2 phenylalanine2| &tZ2Uol7|& MAHS= &
22 A X FEM 2| phenylpropanoid et CHAIZIY Tt S2F ZHAIZ LM US.
PALE22HM0| &71stM phenylpropanoid ztetE Mol SItE. o Helde =7[& LA
oM ¥ XEMAIZ2 phenylpropanoid X7t CFM AR = Zd0| 845 & (Liu et al., 2010;

Kumar et al., 2020).
08 b
“ ' I I
DW M

LeG320

PAL activity(um/g)

<Phenylalanine ammonia lyase (PAL) activity in cucumber leaves treated with BSM-320>
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<BSM-320 3 tHjtoi¥oz=HE 22T sd=Ho EM 7>
» 20| E7IEE AX EF lysine2| AlE ¥ WHI|I™M 7H

BSM-320 o Hijto{Ho| & =2

& lysine, phenylalanine % tryptophano| HAZ&&. 0|
ofo|=AtS 2000 mg/L S22 =

=

1510{ 20| 72 Yol HEStD XALUFAIA eIHFH Z4H
AL
T

N
2 FEsI 20, leaf diskHHE Aol =aler. O Z 3} Lysine M2|F0llAl 70%0]|35te| 20|zl
JtFd g e AX oot felMoz ZHENEQI 2L phenylalanine ¥ tryptophan X2l F= =
XMe| 7ot EXMstA E7IFEHo| ZEE 0 Lysineo| 20| &l7F&o ofst et &b JhE Zhst
HWoZ LIEHH,
Lysine 2000mg/L Phenylalanin 2000mg/L Tryptophan 2000mg/L
<Protective effects on cucumber leaves of amino acids, lysine, phenylalanine,
and tryptophan>
LBHEX| 1 LOIA{ df kst BSM 320 Hif 2Fo{Hof| lysine MM ZEHS HPLCZ =AMsh Z3f =+

LBOlIM = lysineO| 72| AE=EX| 2}t BSM-320 LB HfF04Mof|A] 23.4 mg/ge] =2 &

2 HEE50] BSM-320= Hi2IHHO|AM lysineS HEEMS= A2 &elE.

o - - — . — - — — — - - La

L1 e LE lllll
':3 -"1 o
- - 4 LB
+BSM320
Minutes

<Quantitative analysis of lysine in LB culture filtrate of BSM-320 by HPLC>

l0I- HJo
0

| AlS0| A lysineO] 20| &71F4H AX el MM EC=Z R W2lM lysinel s ¥ 2
O] 8I7t&H YN 21tE =ALg Lysine2 %ES 500, 2500, 5000 mg/LZ2 =H35l0{ 20| o]
’\ELA-LOLT'_ ZE LA 142 SoF WX[St & Xe2|T H 20| EJtFEY HHEE TAle 34
CH =+ DW= 90%, lysine 500, 2000, 5000 mg/L A2|++= 20| &l7}FHof Cls5}tod —|7—|" 56%,
8%, 2%2| HEE LIEPY . wl2tM lysine2 2000 mg/L O|&te| s oM El7IEH AN 57t
ol st o=z B Al

oI
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DW 500mg/L 2000 mg/L 5000 mg/L Allstop

Dizense Severity (%)
— ™) [ . o o Th1 o

L=} L) (=} (==} L=} [ == (=] L=} [ ==
: I - -
: NN -
: -
g I—'
§ s

<Lysine M2l s 2IJIFH AN ED>

Lysine2| 20| 2l7}FH Ao s stF&td & E =elsty| fsiA s =Y lysine XMzlof ot
Q0| El7tFY ZAjdlot AN FIE TALS

= tek. 500 mg/LolAl 47%2| =2 =Xt HotsE 2
2L, 2000 5000 mg/L lysine M2|7+= 31%, 28% EAl Zotg 20 DWe| 32%2| ZXtgtot
s 5[W5t0] FolMel EZA} Lot AM S0 AKX &S

(=3
(=]

30
2
=
S‘: Y
8
=
s 20
-
=]

o

DwW 2000 5000
Lysine (mgL)

"’F“'.

N P o BN

DW 500 2000 5000
Lysine (mg/L)

<Spore germination rate of cucumber powdery mildew by lysine concentrations>
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AlER AERA B S Mot CHEE SiM ElestE, X|E olo| i, AES 221} 2
HE A7 2= A A H2ZE Soll 4= 3 H|MSstd AEz| Ao M35t 9|8k ok
StHAUES 7HE. 22 A S HAHS SIHAF|D WA HHS AXst| flsh Crkst of

., 2015). M3 Pseudomonas syringae 2+

tal, 2
Al O Z| & 2ol ool =&t SE7F 60% 718t A2 LIEtGen], o= A 4E Al AlZof
M 2d35teo] AZ Mo SalMe dAEgs st A2 E1E dHE »UZ(Yang et al., 2014;
Hartmann et al., 2018). =8t L-lysine2| 0|zt A2 = AlZ0| WIAol st Ho{7|2tE =M 5t
5tof, AlE A0 A lysine2 AEE| A0 et BFSTPHOAM lysine® glutamateZ2 E88M 2 H
2lsto] AE"A 2 UAISEZ Hetsts deE st 722 EE(Galili et al., 2001; Liu
et al., 2022; Fornazier et al., 2003).

Lysine2 Al& 20| BFS7|2HS SAMAZI o0 SARS| 52 ZHQIXIQI pipecolic acids A
Sl He =z A, 22 AFE0 =M cyclic lipopeptides &2 HHEHO| MEZUHES &AA|FA
M=ZZ mha g ZX} ghots A sl szt 30| U= H2Z LIEF (Crouzet et al., 2020).
J2{L} lysine0| 20| EIIFE Ao oMt 7|52 =X FHEHX ZS. 2 AFoM
BSM-32001| 2|5t0{ L-lysine MAo] === Zd0| &elEof w2} lysineo| 20| EI7}FE ghA|
of st 7|s& AEs st=AlE FEE 2€Mo| iFEH.

PRI PR3 N LOXI

o

Relative expression ratio

1.6 a
0.8 b
" o . b
I c i o c £ .
DW oh 24h 48h DW oh 24h 48n DwW 0h 240 480

LOX23 WREY20 LeeRKG6.1

- a
04 ) b
b 03 b -
b 02
' DW Oh 241 43 ' oW o 24 43n

DW oh 24h 48h

Relative expression ratio

<gRT-PCR analysis of defense related genes in cucumber treated with lysine 2000 mg/L.
The total RNA was isolated from the treated cucumber samples. The transcriptional
expression level of each gene was quntitified by gRT-PCR.. DW: distilled water>

LysineO| 20[&7tF M g31rt & MM Fo 7|z ZHeAXl o{FE LotE X} &t
Lysine2 XMelst¥ s If RE== AlE2 & MM RHEALE 2lsty| st PAL, PRT, PR3,
LOX1, LOX19, LOX23, NPR1, WRKY20, Cupid4, LecRK6.12] 107H2| primerE Al235t0{ ™ X}
Saig selst O 2, PRI, PR3, LOX1, LOX23, WRKY20 1Bl Cupi4el |S™ AL &bsi o]
lysine M2| Al 24A|ZtHOllA] S7L=CHoF 48A|ZITH R E| whsdEko| Zash AlEe| Med FMXt
PR1Z2 UM o2 SARS| X|EZ ZHF =0, Y ZHole] MEZ AMst= A2 L& (Liu
et al., 2021). Lysine 2000 mg/LE 20| ol Mz|stUS W PRIS| A 24A12F THOll Al 2+
2F2 C=ol H|al 3.95812 Z7tgt. PR3 EESH 24A|ZHHOIAM SR A ebsd 20| 5.428) SIHE.
St LOXT= 4.628), LOX23= 3.338) 718t Boubakri et al. (2013)0ll 2|5tH CIZ olo| At
methionine terpenoid, thenylpropanoid & &H&FSHA| 2F 282 012 2Xt CHARAME 2| Mt of
229! lipoxygenaseE ZYst= 9-L0OX RAEAXIL| Walg REsict 2108 WRKY20
= 24A|ZHCHol =2 w3 20| LIEtgen] tHxF2t H|waltR 2 mf 1.5280, LecRK6.1 T+
4 98 Z7FE. Liu et al. (2021)0fl 2|5tH L-lysine M2|7} B—1,3—-glucanase % chitinase

THA 2 & PR UEE FESIQUCtD 208 Lysine2 AlE AER A B30 2
A 2 2o M7A| A& weto & 22 8H(Kishor et al., 2020). SAl 22 FM Xl GH3

> ok

o M

n

—
—

MY 4o off ro R
i

Mooz A2 fo
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2=
al., 2009).

PhenylalanineﬂP Z2 ofo| A2 SARO| E 5 "] QEEOI SAS| MatMof odzt=lof US
(Hasabi et al., 2014; Crouzet et al., 2020). Lysine CHAIAFZE & pipecolic acids= SAR A&
X‘l e HE3e Fet =H™AIZ 22X US(Yang et al., 2020; Liu et al., 2021). & 470]| A
= lysine® T2 Z Xelst 20/ SAS| M S LC-mass =AHS 0|30P01 2olst & SA
o| eta E™SIFan, SA &2 ti=F2} v WSk S M lysine 500, 2000, 5000 mg/L X2l
o QoA sE o/&=XMo=z 0.8, 1.0, 1.2 ng/mLE SA &Z0| 7‘7PEI._ Aoz LiEtE o=
lysineOl| S’_OIA'“I{IOHH SA o|&AQl MSHME SAR ¥ XNetM 33 odZtd ol UZS LIEHH.

— 11—

5
rot
e
o

o4d d A= oldE M 2B B2

rlo
@ >
o o
+0I'

1.4

Salicylic acid(ng/ml)
(=]

Lysine (mgl) 500 2000 5000

<Salicylic acid content in cucumber treated with lysine>

<EDN 25>

— Knoth, C., Ringler, J., Dangl, J.L., Eulgem, T. 2007 Arabidopsis WRKY70 is required for
full 32 RPP4—mediated disease resistance and basal defense against Hyaloperonospora
parasitica. Molecular Plant—Microbe Interactions. 20:120-128.

— Hashemi, L., Golparvar, AR., Esfahani, MN. and Golabadi, M. 2000. Expression analysis
of defense—-related genes in cucumber (Cucumis sativus L.) against Phytophthora melonis.
Molecular Biology Reports 47: 4933-4944

- Pu, X., Xie, B., Li, P., Mao, Z., Ling, J., Shen, H., Zhang, J., Huang, N., & Lin, B. 2014.
Analysis of the defense -related mechanism in cucumber seedlings in relation to root
colonization by nonpathogenic Fusarium oxysporum CS—20. FEMS Microbiology Letters,
355:142-51.
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(M2 s2A: (F)AHOoIZZ2H]
<ZEBAF Bacillus sp. BS0612| 1X} &ME ">

oMo SFeol EZetMariere st AMMEIIZM E2 3 F Bacillus sp. BS0612| &l7tE
8 2 E Qe SMEE "I £/5t01 230 A %‘EAI?A% st MEE M=2CHollM
Hordbe glAlg{A AFE AT, Hele 82 52 HelstFen, XMzl £ 1YX}t, 52X}, 8
XS ZHARSI] Z=ALE
FdH|E

HRA B A df 2 = ZF7]470, 1000m! HAAMSIH, 500ml H[Z, &, HHoOol=

X2l
1. ofeffe| Ee} ZHo| M = 1 L Eof EFg
2. 20l Helg olgstol Bast & HE M AXS X
3. =F7|E 0|83l A=A ZYol S XMzl
« Eol2dol ZAHE 407, AHS K| @2 4072 BFot0 Y
<KE| 2>

el 72 S| A bif = A| o g5
o} FHMelT (E500ml) x 2 500mIx2
T-X o HA (&3 500ml) x 2 500mIx2
T-10 T 108 3| AH (2450ml+TF50ml)x 500mIx2
T-20 T3 208 3] A (2475mI+d F25ml)x 500mIx2

=

2ol Zes

<FEOYR 2021.08.05> <H&E1 YR 2021.08.06> <EEEYR 2021.08.10> <HEBYUR 2021.08.13>



<EEEYRF 2021.08.10> <HESURL 2021.08.13>

<FHOYR} 2021.08.05>

<gF 204 S|AMH: T-20>

e, AL

<FEOYR 2021.08.05> <HE 1% 2021.08.06>

<4dE>

88 ZOM ZTWHK| O|FO0{Zl AlHoM= o|o| AFHEZZE 220|222 &EJIFH%o| PO
ARend, Fxe|Fet MelTFe dHEs FEY = e MEZ2 FTEAF| EUIRY XEE
I= HO|X| &ts. Ik Xzlo w2 ufX| MEo| o7t 2t

<FH AT Bacillus sp. BS0612| 2x} &M T HI>
S [m] Xt

1 gIllM= 20[2=0l Sl7tFHo| THAE =
2xF Aol M= ol XME|E 2kelsty| 2I5to] gt

ghed = TALZ L= ofele| ol LieRH HERE Zo| X270 WHHOZ 50.2%, AR 2
TolM= 44.7%, 108 &AM XH2|Fo|M= 53.6%, 20Hf FAMKZ|Fo|M= 52.5%, CH=
TOME 40.7%2M 71 22 wHEE LIEMY . SHH ABXZ|oM =7 cisez I
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UHEE HJoLt ka7t 2hEHE. £T 108 A2 204 SAMMECE 25|28 WHETL =
A et o2l FIME el Ao He e
» B = { S(ehE S x Al$) / 4N} x 100
<PO0|&l7}32Y dhHE XZALE>
X2 ke X[ = 0% (1-5%) (5.1-20%) |(20.1-40%) |(40.1%0|4}) |LHE %
A==/AH=x= |0 1 2 3 4
0_1 1 4 1 2 0 4 47.7%
0.2 1 3 2 1 1 4 52.3%
0_3 13 5 1 1 1 5 50.0%
0_4 1 4 1 1 1 4 50.0%
0.5 1 4 1 1 1 4 50.0%
0_6 1 3 1 1 1 5 59.1%
0_7 10 4 1 1 0 4 47.5%
0.8 11 5 1 0 1 4 45.5%
0_9 13 5 1 1 1 5 50.0%
0_10 13 5 1 1 1 5 50.0%
Exalgd 50.2%
Tx 9 2 1 1 1 4 61.1%
Tx_2 8 1 1 1 1 4 68.8%
Tx_3 11 5 2 1 0 3 36.4%
Tx_4 12 5 2 1 2 2 37.5%
Tx_5 1 4 1 1 1 4 50.0%
Tx_6 13 6 2 2 2 1 30.8%
Tx_7 1 4 2 1 0 4 45.5%
Tx_8 13 5 2 1 1 4 44.2%
Tx_9 9 5 1 1 1 1 27.8%
g A7 44.7%
T10_1 12 4 3 0 0 5 47.9%
T10_2 13 5 1 1 1 5 50.0%
T10_3 13 5 2 0 2 4 46.2%
T10_4 13 4 1 2 0 6 55.8%
T10_5 11 4 1 1 0 5 52.3%
T10_6 13 5 2 0 0 6 50.0%
T10_7 10 3 1 0 0 6 62.5%
T10_8 14 5 1 1 1 6 53.6%
T10_9 14 4 2 1 0 7 57.1%
T10_10 14 4 1 1 1 7 60.7%
1ouj &= 53.6%
T20_1 13 5 1 0 1 6 53.8%
T20_2 9 3 1 0 1 4 55.6%
T20_3 13 5 1 0 1 6 53.8%
T20_4 12 4 1 1 0 6 56.3%
T20_5 13 4 2 1 0 6 53.8%
T20_6 12 4 1 1 0 6 56.3%
T20_7 14 4 2 1 2 5 53.6%
T20_8 1 5 1 1 0 4 43.2%
T20_9 14 6 1 1 1 5 46.4%
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200 = = 52.5%
Con_1 13 7 6 0 0 0 11.5%
Con_2 13 4 3 1 1 4 46.2%
Con_3 12 5 2 1 0 4 41.7%
Con_4 11 5 1 1 2 2 38.6%
Con_5 12 5 1 2 1 3 41.7%
Con_6 15 6 3 0 0 6 45.0%
Con_7 15 7 2 0 0 6 43.3%
Con_8 17 7 2 1 3 4 42 6%
Con_9 14 5 1 2 1 5 50.0%
Con_10 15 6 1 2 1 5 46.7%
=78 40.7%
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d MM HAME St AFEels SIS FE0IMES Bacillus substilis Olo A=+ bl
okol (A olHlo|2 |R)S cfu/mLE ER 0] 2xtuj A (HolHto|2 HE)2 1.1x10°
=

07
cfu/mLolS. 35| tt= Aslg Falsh Zub 3.2x10°% cfu/mLS LIER

i | NEEEELE
bacillus 5% % ) % bacillus &
[

| o
HA = = x| FEH = diYE D|dES T3 M2 HESE ARy T84
e =1 B0l UX| o1 E2 ZIE LIEHY

3R Aol HES MEE FISLRMEZ BE JHsE 7h22, MelFtd, 23, WEL
OlE SolM s NME MusiRo0, EEMEE RIlsUXME BBIlssD ojMgel
BZ0| Relg HOE HolE RIIZEA ASMSENT 32 FE okl HEES

o, B MoA ME

3

<olME SR X 6>

AIRIE RT Y Walalg 7
» AXZEL| M= L MAAHZE A7

AHZ A2l E-s Yol 22| E RIISUAMEZN Axjel WE2 old=2. AE 4ot
A2 100m 2 Yotde|= LES 0|, old=uler|, =23, AdL4E5T7|, =&Y 30l
3,

US. AHE A= 2 47t 3,000 L°' AR E AH[AF Eoj 7242 10,0008 /500 mI22
= A M=o et A2 dSistn 7[s0|ME St Alo|=22Y AtH vfjE AAE
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oye. dz2 & Mol FHuE A2 Mz e Al gddAE A AE M=3H
2 HEFA(FREE+EZTH), nEH28C 48A12h) & FER 2|, =T ISH=AMol gt FH 2
2l 21 H A, T S 2HE AZo=EMN HYA 1202 MUSIY FRIISUAA Al
7712 o|2|5to] AMAlE. FE 2o FU| A W A2 2MYFLEM REOT AL T
TS5 dAl, Hed old= 55 dAE dAlSi Al7|22 FIISHAR AlE o 717| 2ol
QIEISIO 4 13 ofak AAlgh

o
> RIISYUAN Bl 54 U ME xMH| AT

== O|ME vl M(Bacillus subtilis BSM320-7)0|ct. 22| 7|¢ 2 BEXE MHET
Bacillus subtilis (=)= tHEAQ a2t 2 Mgez a2zt M Ml tl & (Escherichia
col)at eH MEst MEolA Bo| Al Bacillus &2l 7Y S22 &= EFX T (Bacillus anthracis)
o] Rlon, ZZESHA 7| XHEH MZl(rod-shaped) Z+A2l &5l &, 27|, 2 Sofl Ao{ bt
Moz HlgalMel f8 FMHERe BF 2 S22 Bacilus subtilisd. sH 20k AIEdE2
o|ME AAMZ A2E JtsM0| U= Bacillus sp. BS0612 AlE AoM E2|=AS0,
Botrytis cinerea?l fAK M&S ZeistH X stl, 20(2F HI[0AM El7tFH 2HES FA
UAANZ(Kim et al., 2013). A e| M= =Mu|= FAZ2ZAM o|MEZ8| 2N (Bacillus subtilis)
90%0| 4 SHHHM ZA LS LIHXZ ALSE. Tz 22 Fele o|datjdHozn =Ly
oM HM=st¥en] 2= BeldFc d5Ustw Mt tio|, M=EALE (F)H 0|22 AM
[m]

AHA| bf kst HxA ol &ale ol AHDeccan Overseas PVt LTD)O|d =24 SSE3|ALRl ZB7|st
StotZAMAIZ R E FojEh

VAN
|
H
OH
0%
H
ag
bl
e
kH
HA
x
e
-
a
0%
o
\V4

o

Lo EiE] @ E@olE 21T 52 HE
2 MY 24AT HE XS

e
AT I 5

BT ):
J % R7ISUA (BA-237342)
J L
'\/
Eufe 28°C 48412}

Rlic =R
(2
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2912 95%+
H2A| 5%

Mol tiet 2L 2MeE2z2 Raor, SHdo|ds 55, TRl oisto] o
13 olA FIISHAK AlHATRI| &AM MAIE. XMERFT= Bacilus subtilis 1.0 x 10°

cfu/mL ¢&.
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<ZHEEM MZE>

S 23- 1

o — BT 24.01.08 s
7| =Xy X T =M
1)01 48 i M= TRE A EHola=d
-l H = £
1L.EE gl sy == | 3|2 AR 2 g AT MY ¥ RL
L i Hat -|
1 5E A1 TR E|H|
@ alE24/hr) |
1) Al ] ()

(RLESH|0]E 121°C/ 15min B2 M2 2) [T
oM zaMt Bet HE22E BIEZHY U £

-

HH 27|

S)yrgtgz 7|

7)0|4E e (28°C/a8hr) g)0|&Yo s

4 ehEE H7t

ged=HA T zhr)

10) 1| 2%
(ga2EA

i »

1A ERE % MEE

EriEA]

w5 ZHAEG DILEIEE Y e 28 E X P THIE SRS HEUS JWMECL

1) B AR eS| HIEE) B HEYHE (2% 1 2kg x 2EA)SIH FEH @0 LESH0|=204H 121°CE 1582 ST B
2)HAHeE WRE HETE| mEd) Ao

Y72 Lo Seffict

AP (B4 170L)E AU FHiet ZA8 018513, tHY7|9) At S22E S84y SUFC
5)HHY7| LIS sare o FH R (0L 2E) 8 0|25 2442HE0 U20M sREES L

B)eEEE0| 22E COFE DIUE H2(FAYL 10% SiTY)E B0 SULYN SUs WY o= EQECE
T)28°CR FASIEA 4841 7HE 0 O|E uiRlE S Bt

B)OIYE s 20| #RE]D i E YEE 0[8st M= Oldstn, HEehEA5)E SR
9)E20|M 242 mEkSHY HiENE YR ECL

100 e E MEAM AEE A [ UE YEGME YAEta, BHE HEE 2P

1MEE2 S IEE 7o RERSEoMe] HEo Ys SUE Alyste] 2R
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1. 3A| HS: M SA-2-4-230%

2. Aol Wz 2 Axy: o|dE/AHolHto|2

3. Aol #E: Hafj 2|

4, MET £= AZZ 500ml

5. T8 &2 &/ ¥ ©: Bacillus substilis

6. HEo ZF 2 o2k n|MBul|l LM (Bacillus substilis) 95%, BZ=X 5%
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UV-mutant Bacillus subtilis BSM320-7 :
Active compounds and biological properties

. (ADEh S AR A7 2Es], () AloI2=E

Abstract

Powdery mildews are some of the world’s most frequently encountered plant pathogenic fungi. They infect leaves, stems, flowers, and fruits of nearly
10,000 species of angiosperms. In a previous study, Bacillus sp. BS061 was isolated and found to have antifungal properties against a range of plant
pathogenic fungi, including powdery mildew-causing fungi, Phytophthora capsici, Rhizoctonia solani, Colletotrichum coccodes, and Fusarium
oxysporum. In this study, we aimed to improve the antifungal properties of BS061 through UV-mutagenesis, which resulted in a mutant strain BSM320-7
with enhanced suppression activity against powdery mildews. Cyclic lipopeptides production of this mutant was well conserved, but cyclic lipopeptides
showed no activity against powdery mildews. Bioassay-guided fractionation using cucumber leaf disk assay led us to isolate two active compounds,
phenylalanine and lysine.

Materials & Methods Results

Mass and NMR spectra of two active compounds
The BS061 stock was spread plated onto a LB agar from 10-2 to 10-6 serial

dilution under sterile conditions. The 10-2 serial dilution 10 mL suspension of]
BS061 was loaded on watch glasses (15 mm in diameter), which were placed
in a UV box with a door [(27 cm (W)x18 cm (H),15 cm (D)]. Then, the

ESI-mass 1H NMR Chemical structure

[Esisemt @S m) ‘

o

cespgh

OH
suspension was UV irradiated at 254 nm for 3 min—7.5 min for a 0.1-1% fr “ | \n
survival rate. The 200 uL of each diluted UV irradiated cell suspension was i I S [ ?
spr'ea.d on an LB agar Plate to st.slec.t the UV mutants w.1th high antlﬁlngfil ESI-mass 1H NMR Chemical structure
activity. After irradiation, petri dishes were immediately wrapped in|| .. seass——
NH,

aluminum foil to avoid photoreactivation and incubated at 27°C for 18 h. = . i

Mutant colonies were picked and streaked into fresh LB agar for the single|| .. T % ‘ “NWYO"
colony, and stored at -80 °C in 30% glycerol for antifungal assays. - L ; ] I J

s | A

The selected UV mutant BSM320-7 was grown at 500 mL LB broths for 5
days. Each of 100 mL was added 1 N HCI and adjusted to pH 2.0.|| Control effect to powdery mildew
Precipitation was allowed overnight at 4°C. After centrifugation (6,000 rpm,
15 min), the pellet was extracted with methanol for a period of 6 h. The Lysine 500 Lysine 2500

obtained extract was filtered with filter paper and concentrated in vacuo. The
concentrate was resuspended in methanol and then analyzed by HPLC.

15007 —zzr=— 1

1000 Wild-type BS061

3 500

L\ \ J | x{, r
OJ'L‘—' e B T — ow LeCSMS LeCSMS+BSM320-7  LeCSMS (1/10) LeCSMS+BSM320-7 (1/10)  COntrol(A4)
0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 8 8 90

1500 —zawam

BSM320-7

D : Iturin class D :fengycin class 7” :surfectin class

< Comparison of lipopeptide contents of W.T. and UV mutant BSM320 strain in HPLC>

Conclusions

BSM320- 7 (Hf 20 %)

wego gt Y - 2 AGE 8712 YN E81ZF Bacillus subtilis BS061 #52| &4 &Hatg 2let
segs gs 0] UV-mutagenesisE S8t #FMES s o171,
4 | o FAZ0o| E0IH0| A= = 80| Q4511 OFEEH ili -7 FEE
urin A2, A3, A4, AS Sowx: 50 BB LR 974 B2 SUHO| FF F Bg0| L4511 QFHEt B. subrilis BSM320-7 2+ &
vy * 5T M

T T 1
v aany 2eg1 2Hg2 EUEIANLELOY + BSM320-7 5= 2 ©52t RAFSH HE9| lipopeptide HISE S WMot &7t
A ' ' ”* 24 WHETHE W0 948 B5S L,

v
Coloss & 8 22015321 - DMENRS B5 BONAE ISR Bty oNENS AU 21

—— : : - L ==
o s phenylalanine} lysine 22 55| 11, 0|& 0|88t QCHAHE 758t
24231 2YE3-2 = }
denzueany || B Subtilis BSM320-7 TFERE Z2E REYE| HEI7IWE 7YE A4, 015
MPLC Sephadex LH20 AZ20tEz2t| - = o -
h TRET sta20| g0l WHEE REss 2 Wl
. HE Hag - 2 TE SHRE YR O ABEIE B. subilise] B#HNEES HSoR FHE AT
Isolation procedure of two active compounds from the culture 2 872k whRE| JHere] ME L THHCIIS AAlS

broth of B. subtilis BSM320-7
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8t Bacillus sp. BS061 #3F2| UV-mutagenesis

- UV-mutagenesis =& &2l ZXt UV ZAF A|ZH 52 =2 E
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- oIS sHYel BTy
orel &yt Aol R B
O BSM-320 #F2| &7t&H A

TS 2 1% glucose I Al 5%2| WHEE LIERLHA DL}

- EDuM 42 % efx |
oINBS ZAIEH 2ol EAI LoISO| 26%2 HXF| 2L
- 20| Et2Ho| ZAEOIE XISl HRBHS LIEIS &holst
O Sodtol FF BSM-320 iAol Rt FAXF W odp
=]

- BABA XMzl Al 20| 2 3 MM Ao ¥ HeM FHMA YIS gRT-PCRZ &AM S A3t PAL,
PR3, PR1, LOX1, LOX23, LecRK6.1, WRKY20 % Cupi47t Zt2+ 2.7, 53.1, 25, 2.7, 2.8, 4.4,
0.6 ¥ 21.6 dfe| ™ALZO| S7te

- BABA XM2| A| salicylic acid &2 LC-mass 242 AlEsto{ S™ et 22, 20002 5000 mg/L
STolM 2zt 3.84 ng/mL2t 14.1 ng/mLLZ Z7}&.
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