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a2 R

VR s KB A AR AL 2R
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HRARY > I Sarcophyton glaucum D6 TFEOF ABRMEE A 7T (1-7) BNHEES
2o TDHHAFE(1-4) 1%, EBRAIICIE nethyl sarcoate DA 35 L TN FLpEAR L AV
POy @ Diels-Alder (2K o> TR E Nz LHEE Sz, {bAW3 & 41% C-27 & C-30
MiZT hTe ke 77 v RebobamThd, kit (5-7) HEiz, A 10 8024
> methyl sarcoate MEMERL L 7T Diels—Alder KX » THEKLZH D
bbb, TNOOEEIDFTIECK o TREESNT- ALEYWD 6 FE (1-5, 7) IX.
b AR BEME B M (HL-60) O I 5V RIIR ML 4 7R LT,

1. &

R | Sarcophyton JBIZ, JR#iRAEYTERZ R TRE LT T 2 BIKOEERITE L
TELLHmBbNTWA, ' TRETIOHEOHTREAR LT T UMW S, glaucum, S. tortuosaum
BLOS Jlarum P HHBESNTWD, 7 BB E CHIREE S glaucun DHEYTE
Pt 7T OMFRITBNT, P P mu A Z ARG (4 & (-8 TO EFEE DR
IR l- AFEOFH 72 BB, bisglaucumlides A-D ZHEEL7-, ® Bisglaucumlides C & D
IE HL-60 OLREICXT L, 85V Ila@mtEE R L7c, 2O 7 ru X & U AlEila BICHET 5
LI T, BT o AT T bisglaucumlides E-K (1-7) Z EHEE L 7=, #L
HiIX IO OF LG OHHE, G, B X OEREEIC OV TIRET %,

il

2. EB

—P 7 EBR T E, Bhielll, B, B X OUEEEEICOW L, BRlCHE LR, 8

TAE MeOH-CH,C1, (1:19) ZHW/e U B vra~ 777 4 —I2 X 0 Eb -k
6.8 g) OV T Nra~w T T 7 4 —%{T>7-, MeOH-CH,C1, (1:49) TIHHELT=7 7 7
a i (184mg) % HPLC (ODS) 7 v~ 7T 7 4 —& W L7, CH,CN-H,0 (1:1—3:2)
oAb (2) 2.7 mg), (6) (1.2 mg), BEIU(7) (1.3 mg) DM Iz, —J7.
MeOH-CH,Cl, Z HHWWTIEH L7 7 v a Ui (694 mg) DY A FNra~ NT T 7 4—%
MEOIR U, IAEAYIZIE HPLC Z4TVEI U7z, WHEHR CHON-H,0 (9:11—-3:2) ZHWn5 2 &



&k, A (1) (2.8 mg), (3) (3.2 mg), (4) (1.2 mg), BIW (5) (1.3 mg) A

Bohi,

Bisglaucumlide E (1): amorphous powder; [a], +66.7 (¢ 0.12, MeOH); UV (MeOH) Ama (log €) 230
nm (4.25); CD: Agy; +3.2, Aegs; -4.9; IR (film) ; vimax 3503, 1732, 1709, 1661, 1615 cm™; *H and
13C NMR, see Table 1; HRFABMS m/z 697.4314 [M + H]™" (calcd for C4HeOg, 697.4316).

Bisglaucumlide F (2): amorphous powder; [a], +139 (¢ 0.30, MeOH); UV (MeOH) A na (log €) 238
nm (4.17); CD: Agyss -10.3; IR (film); vinax 3459, 1734, 1713, 1678, 1613 cm™; *H and **C NMR,
see Table 1; HRFABMS m/z 739.4423 [M + H]* (calcd for Cy3Hg3010, 739.4421).

Bisglaucumlide G (3): viscous oil; [a], +125 (c 0.16, MeOH); UV (MeOH) A ma (log €) 232 nm
(4.25); CD: Aggs -3.4, Aggqr +4.4; IR (film) v 3482, 1732, 1715, 1669, 1607 cm™; *H and **C
NMR, see Table 1; HRFABMS m/z 697.4318 [M + H]* (calcd for C,;He;Og, 697.4316).

Bisglaucumlide H (4): viscous oil; [a], +133 (¢ 0.15, MeOH); UV (MeOH) A nax (log €) 237 nm
(4.09); CD: Agzss -6.7; IR (film); vinex 3470, 1732, 1711, 1694, 1603 cm™; *H and **C NMR, see
Table 1; HRFABMS m/z 697.4316 [M + H]™ (calcd for C4;HeOg, 697.4316).

Bisglaucumlide 1 (5): viscous oil; [a], +84 (¢ 0.05, MeOH); UV (MeOH) A nax (log €) 227 nm (4.30);
CD: Aggs +12.8, Agos, -8.4; IR (film) vine 3457, 1732, 1703, 1659, 1622 cm™; *H and *C NMR,
see Table 2; HRFABMS m/z 697.4306 [M + H]™ (calcd for C4;Hg100, 697.4316).

Bisglaucumlide J (6): amorphous powder; [a], +33 (¢ 0.19, MeOH); UV (MeOH) A nax (log €) 231
nm (4.20); CD: Aty +9.6, Agaso -13.8; IR (film) vina 3485, 1732, 1713, 1691, 1620 cm™; *H and
13C NMR, see Table 2; HREIMS m/z 738.4340 [M]* (calcd for Cy3Hgx010, 738.4343).

Bisglaucumlide K (7): amorphous powder; [a], +95 (c 0.27, MeOH); UV (MeOH) A mna (log €) 231
nm (4.20); CD: Aggs -5.2, Agage +10.9; IR (film) vy 3468, 1709, 1680, 1620 cm™; *H and **C
NMR, see Table 2; HREIMS m/z 739.4426 [M + H]™ (calcd for C43Hg3010, 738.4421).

3. BRBIVEBE
Bisglaucumlide E (1) (FMEERA & U CHEES 4L, FABMS (2 &LV 4372 €, H0, 275 L
(m/7z 697.431, M + H]"). bisglaucumlide A ®FMEALE 2 S5, Bisglaucumlide E @
NMR (&, bisglaucumlide C @ NMR &EEEL L TW =3 LA 11X 7 B F VR KR LT,
ZOZ EiX H-32 (+ 3.55, 1H, overlapped) ®{k%2> 7 k2 bisglaucumlide C Ok 7
FEHART, 1,46 ppm 72V @RS Y 7 P LTWA Z STk » TR E =, (LAWY 1 DA%t
B 72 SEARAESAIE. NOESY A7 kLS bisglaucumlide C 0D NOESY A7 kL & OFALIMEIC X
STHLMZENT: B4 (- 6.22, 1H, s)/H2 (- 3.94, 1H, d, /= 8.7 Hz), Me-19 (-
1.92, 3H, br s), H-36b (+ 1.98, 1H, d, /= 18.4 Hz); H-7Ta (- 2.57, 1H, dd, /= 14.2,
8.7 Hz) /Me-18 (+ 1.80, 3H, br s); H-7b (+ 2.13, 1H, overlapped)/Me-19; H-8 ( + 6. 34,
IH, brt, /=7.3Hz)/H-6a (+ 3.86, 1H, m), H-1la (- 3.06, 1H, dd, /= 14.2, 8.7 Hz),
H-12 (- 2.76, 1H, m), Me-19; COOMe (- 3.54, 3H, s)/Me-16 (- 0.89, 3H, d, J =6.7



Hz), Me-17 (+ 0.92, 3H, d, J =6.7 Hz), H-22 (- 4.73, 1H, d, /= 11.2 Hz), %> T,
IbE 1%, RS- #ETHY | bisglaucumlide C D 32-desacetyl FBEERTH 5,
Bisglaucumlide F (2) 1%, 2+ Cplle,0,0 2 b D EEER K TH U | bisglaucumlides B-D
DFRMARTH 72, ' HNMR A7 " VIZEW T, B, C, DERITHEIN T % BT bisglaucumlides
B-D DF UL TN D23, ABRICERT 2 HIGDOHER > Tz, -4 O HEHESH FRLET
HV, C-8 D_EMEAN JBETHDZ L%, "C MR IZIBWTEREN C-19 (. 20.7) &
C-18 (¢ 21.5) DL 7 PO BN TH -T2, C-18 DILFET 7 NI, 8F #H D
bisglaucumlide C ®fLHE> 7 M EHRT 9.7 ppm KGR 7 R L TCWA, ZDOZ LixE7-.
NOESY 227 R LZEBWT, Me—19 (+ 2.09, 3H, br s)23H-6a (- 2.15, 1H, m)(Z, Me-18
(+ 2.01, 3H, br s) AH-8 (+ 5.62, 1H, t, J=8.0 H2) IZHERH D Z & LV LFrsh
7o ABROERFLEIL NOE MBI K o THERES L7z, T72 5, Me—41 (- 3.52, 3H, s) i,
H-2 (+ 3.69, 1H, d, /=8.5Hz), Me=16 (- 0.79, 3H, d, /=6.9 Hz), BL O Me-17 (+
0.99, 3H, d, /=6.8H2)IZFHEH L TWA DT, H-2, the isopropyl group, 33 LN Me—41 were
- BlECTH D, H4 (- 5.66, 1H, s) 23H-6a & H-7b (- 2.40, 1H, m)(Z, H-8 2% H-6b (-
2.08, 1H, overlapped) & H-6a 12, Me-18 2% H-11b (- 2.08, 1H, overlapped)iZ, &L
T H-11a (- 3.05, 1H, dd, J =14.8, 10.9 Hz) 7 Me-16 (ZFHBIL T\ 5 Z L MR I
7co BD BROBEIZEL TIL, HNMR AT MDY T FNANRE = BIOT 7Y o T5E
B, 72 5 ONT NOESY 227 kL7 bisglaucumlides B-D 0 Z~22 kL& OFEENT & - THEHA
SNTce ZOWREITAEBIN/HEL B OERA LT T L ORIOEITH 5,
Bisglaucumlide G (3) 14+ C,\Hy 0o & &b DFEEHIED A A L TH Y | bisglaucumlides A
BIOE OBRMATHD, WR 227 MLIZBWT, A BBE B BRICKENT 51X
bisglaucumlide A DR L LTV H A, CEBR & DERICH KT D BC iy 7 MR BIRICY 7
FLTW, Tbb, C-26, C-27. BIONC-30 D{bF > 7 hiZ, bisglaucumlide A TlZ,
TN, ¢ 85.1, 69.9, and 69.3 DILFT 7 R THHT=M, (LEWM3 DT 7 MM, - 74.6,
84.8, 87.6 Th»o7z, 2D LI C2T BIUC-30 Mic=—T WEANIEREN TS Z &
ZERL TS, ARE BEROMXAEEIL, H-2 (- 4.02, 1H, d, J =8.0 Hz) & /LKA
Ry AF 7 m by (- 3.57, 3H, s, Me—41) [HiZ NOE FHBINBIZR X 720> - 7228, NOESY
T —ZIZ &> T bisglaucumlide AD AL & BEROMHKELE LRI L TH D EH LN I,
T2, Me—41 %, Me-16 (+ 0.80, 3H, d, / =6.8 Hz) & Me-17 (- 0.96, 3H, d, J =
6.8 Hz) [IZ NOE #HBHZ /R L7=D T, WARA X EEL A VP u LV ITFR T - mIChrE L
TWAHZ &R L7, H4 (- 6.05, 1H, br s)23H-2, H-6b (+ 2.30, 1H, m), H-7b (-
2.41, 1H, overlapped), BIX N H-8 (+ 6.24, 1H, m) EFHEAL TWA Z ENEHIZ N,
I 512, H-7a (+ 2.53, 1H, overlapped) & Me-18 (- 1.73, 3H, br s)f#], H-8 & H-11 (-
3.45, 1H, dd, J =13.7, 5.7 Hz)[f. H-12 (- 2.54, 1H, overlapped) & H-l4a (- 3.30,
IH, d, /=19.1 Hz)f. BXO H-14b (- 2.01, 1H, d, / =19.1 Hz) & H-21 (- 3.63,
IH, br d, /=11.0 Hz) MICH NOEFERENR A OGN, T, ZNHDTF7 —XIXH-2 7% - il
BETHO, H21 1T - BEEZ L TCWD I Eamlsivic, CEE D BROMXAINIE X, NOE 8



Bl kv K2 icHinnsc kol aniz, $72bb, H-21 & H-32 (- 3.49, 1H, m) D
FEESIE, H-32 28 « BlEA B> CWVWHZ L &R L7, Me=38 (- 1.74, 3H, br s)i%, H-21,
H-24b (+ 2.13, 1H, overlapped), ¥ KT H-26 (- 3.38, 1H, br d, J = 6.8 Hz){Z NOE
FIRAZ /R L7z, H-26 1%, &5 Me—40 (+ 1.17, 3H, br s)IZHBEALTWS, ZhAHDT —
21X, H-26 &L H40 1% - BliEZ L CWAH Z & &R L7, Me=39 (- 1.15, 3H, br s) 23 H-30 ( -
4.06, 1H, t, J =7.4 Hz) & H-28b (+ 1.65, 1H, overlapped) {ZFHEI L. H-30 A% H-28b
DB LTCVWA Z &1L, H-39 L H-30 1L - FdiE L CWAH Z & &2 L Cunb, H-22 (- 5.26,
IH, d, / =11.0 Hz) %, H-24a (- 2.46), H-25a (- d 1.89), LT Me—41 (% NOE #H
BB X7z, Zhulk, bisglaucumlide G |, C-27 & C-30 i 7 hT7 kB a7 T VR
EENTEREETH EHEE Sz, ZOEEWIE, 27T £ C-30 MIC 7RI Re Ty T URE
GNP EARE T T LTESEHEHOHTH S,

Bisglaucumlide H (4) (%, 53 7= CyHe0 & & DXEEMED A A 1 & U CHLEE = 717, 'HNMR
AR MV, A BRICERT 2 IR0 LI > T D Z SN, (LA 3 D NMR IZ{ELT
Wz, BC NMR AL R LIZEWT, Me-18 & Me-19 dFHFh + . 20.5 &« 27.5 THOH:
51X, bisglaucumlide C DIGA LRI UL 47 8/ BEZRELTWVWD, 2D E1EE 51T Me-18
(+ 1.88, 3H, brs) & H-8 (- 5.51, IH, t, J=8.2 Hz)[#., BL O Me-19 (- 1.87, 3H,
br s) & H-4 (- 6.27, 1H, br s)f# NOE MHBIIZ L » TIFF SNz, 'H NMR 22 R Ui
BT, BB, CDICLDVTTNNNRE =Ry ) U TERIT, ALEM3DZEND L 1F
CLAERUTHoT-, b, bisglaucumlide H O IL,. 4 LEEI LT,

Bisglaucumlide I (5) %, 7712 CyHe0p & b DREEMED A A L & U THEES U7, 'HNMR
LA 1 O NR EESELL TWZAS, H-2 & H-14 ISR T 5 2 7 F "% — o L fpEy 7 K
DRELZL TV (Table 1), HMBC A2 FLZHBWT (Figure 3), AF L7k
> (+ 2.35, + 3.15, AB, J =19.0 Hz) & H-4 (- 6.07, 1H, s)iE. C-3 (-, 199.6)|Z4H
AR5, H-12 (+ 3.08, IH, m) & - 3.89 (1H, d, /7 =7.9 Hz) ®F 1 k%, C-13
(+.214.0) IMBCHHREZ /R L7z, /-, BHFEDO 71 bid, €35 (+ 128.6)FBLNC-36( - .
32. DICHHEI L 7=, > T, AFL v Fr bk« 3.89 (14, d, J=7.9Hz) D71 ki,
FNENH-2 & H-14 [Z)R)E S4u7c, A-B BRFE G D YLKRELE (X, NOESY A7 fLZ - T
ATHDEWRESNT, T78bb, H-12 & H-14 D NOE (2L - T, WikFEIL THDH, &
VR A R AT VT m ho(- 355, 3H, s)if, H22 (- 4.70, 1H, br d, J = 11.6 Hz)
BN HDDOT, - cEAITHDL ERBEEND, P72 BXIO N0 pREIX, ThER
C-19 (+ 24.9) & C-18 (+ 1L.3) DLy 7 MW RESINTZ, B BD OFZ/LF.L0
BlEX, MWRT—ZE2bEM1OT =X EHRDHZLICL-T, 1OREEFRILUTHD Lk
SEXL7~, Bisglaucumlide I X Figure 4 [ZHi7D 317~ X 912, methyl srcophytoate @ F A
8 LV 9D Diels-Alder IGZ L » THAEAK I N EHEE ST,

Bisglaucumlide J (6) 1%, 4373 Cplgn0,0 2 b DREEMHED A A L & U CTHEES I, 'HNMR
2R MVT1IEOT B FALEICL LD 7T AR LNS Z & E2BFIE. {LE%5 D 'H NMR
ARG FUZE LSBTV E, ZDOT B F VIO EIL C-32 MITFEETHZ ik, H-32 d



5.06, 1H, d, J =11.4 Hz2) DbF> 7 "3, ALEMBE O 7 M e 5 L 1,15 ppm 7217
KRGS 7 PLTWA Z LI L » CTHRE STz, fiE-> T, bisglaucumlide J OffiEIX, #iE
X6 TRINT,

Bisglaucumlide K (7)1%, 4373 CyuHe0,0 & b DkEEDOA A V& U THEES L, {BH
W6 ORMARTHo7, HNR AT MUZEBWT, B BDICEDILFEY T Feh vy 7Y v
TEBIE, LA S B L6 OZ BT\, A BRICK BT, (LEW3DZEE K<
—HE R LIz, T7bb, ¢4 & C8ALDEREDFEEN, C-19 (+ 18.2) & C-18 (- 11.2)
DAEF Y7 MR o TIRES Nz, FTAHLOEET, LAY 6 & @ 'H, "C. F5 LT NOESY
AR MV T—HDEBIZED kA6 DZNERUETHD ERESNT, T,
bisglaucumlide K D& IIHERX 7 TRrENTZ, H & PC AT MZEBIT 50000 fbEF
7 FEB L OHMQC X2 HMBC A2 R UZEIT BN 7203, ZHUHMEEW 7 DFEE
IREEMEERIC LD THA D,



Figure 1. Selected NOE correlations of 2. Figure 2. Selected NOE correlations of 3.



Figure 3. Selected HMBC correlations of 5.  Figure 4. Probable biogenetic pathway for 5

& O E X, (kAW 1, 4, 5, BILO6CD A7 hLM bisglaucumlides C
DCDART "z, FLTUUEEW 3 L 7D CD AT FLM bisglaucumlide A @ CD A~
FMUZEITWD DT, HER1BLO3-7T RSN, (LEW2 b ET, AEKREBET D
EZEDMDE AT T &R UG 2 & > TV D SRGE STz,

Bisglaucumlides I-K &, A'® 10 8@ g5} (0 A2OD. 8500y 75 Dx i b ol
methyl sarcoate O HF LI HFBHOEC R 7TV OBEEETCHDL, TNFETH J—)L,
TN, Vrmr AR BIXOFIBF ARSI ER BT T I
carbomethoxy XWX FEET A Lo T, Hvexkwr 77 1-7HD carbomethoxy i,
FHFIZAER LT b D TRVWEHESND, S 612, ZEHEGO®RMET, HEEPIc2 kL
Molz, E-T, ALEM1-7T138L ITEMHEOREM TH 5,

Bisglaucumlide E-K (%, & k@M BB B M pMiie  (HL60) o HEFEIZ 9~ 2 Hllfe ety 14
R THOIL, KD K D72 10, EE b OFHWIEEI REN7- : E (41.0 uM), F (13.3 pM),
G (58.0 puM), H (47.8 pM), I (44.1 pM), K (29.8 uM).



Table 1. NMR Spectral Data (400 MHz, CDCl,) for 1-7

1 2 3 4 5 6 7
position 8¢ 8 (J in Hz) 8¢ 8y (J in Hz) 8¢ 8y (J in Hz) 8¢ 8y (J in Hz) 8¢ 8y (J in Hz) 8c 8y (J in Hz) 8¢ 8y (J in Hz)
1 480 472 B1 B 50.1 476 @1 *
2 4701 3944@B7) 462 3.69d(8S5) 469  4.02d(80) 454 3.63,brt(7.7) 493 235d4(19.0) 493 269d192 502 292brd(152)
3.15d(19.0) 3104192 2.56brd (152)
3 2017 2026 2050 2022 196 607s 1989  607s 1969  555brs
4 1267 622s 1246 5665 1270 60Sbrs 1254 627brs 1259 1255 1245
5 1512 1588 193 161.0 15%.1  203m 1566 201 1552 238m
6a 302 207 392 208 396 241 350 279d1(102,29) 304 3.79dt(12.5,26) 307 380dt(25,128) 400 209m
b 386m 2.15m 230m 197 251m 255m 248m
7a 261 2.57dd(142,87) 267  240m 251 2.5 276 210m 262 225m 259 22im 253+
b 213 2.79m 241° 237m 6.401(7.5) 6431(7.5) 66lbrs
8 1414 634bri(73) 1403 5621(80) 1414 624m 1324 5511(82) 1416 1416 1420
9 1383 1349 1379 1386 1372 1369 138.1
10 2024 2044 206 206.5 2008 2013 203.9
1la 356 3.06dd(142,87) 370 208" 332 3.45dd(137,57) 400  3.12dd(187,92) 346  276dd (157,63) 346 2:80dd (162,5.1) * 34ibrs
b 2.09dd (142,3.1) 3.05dd (148, 109) 201 dd(13.7,5.1) 222d(187) 2.61dd (157,5.7) 238dd (162,5.7) 186"
12 557 27m 539  2.80di(109,33) s6.1  2.54 507 325m 555 3.08m 548 3.03q(59) 590 =
13 2122 2110 2107 211.0 2140 2126 2125
14a 488  238d(1930) 480 330d(19.4) 474 330d(19.1) 480 286d(18.5) 457 3.89d(719) 456 362 455 3.16m
b 3.044(19.3) 236 (19.4) 2014(19.1) 3.06d(18.5)
15 295 201b 299 207 304 213 295 191m 280 222m 281 215 283 216m
16 191 089d(57) 180  0.79d(69) 173 080d(68) 188  0.79d(68) 182 087d(68) 184 087d(67) 166 069d(6.5)
17 208 09247 206  099d(68) 205 096d(68) 206 094d(6.7) 211 089d(67) 214 087d(67) 218 106brs
18 114 180brs 215 20lbrs 116 L73brs 205 188brs 113 1.69brs 112 L73brs 112 175brs
19 245  192brs 207 2.09brs 187  209brs 275  187brs 249 192brs 249 190brs 182 226brs
20 1713 1m8 182 1744 114 1740 174.1
21 411 364 402 3.42brd116) 406 363brd(11.0) 469  330brd (10.6) 403 3.58brd(116) 09 363 * 329m
22 1247 473d(112) 1250  474d(116) 1257 526d(11.0) 1277 5.16d(10.6) 1250  470d(11.6) 1250 475d(115) 1239 4590d(108)
23 1404 1349 138.1 1384 140.1 1404 1420
242 389 186 384 185dt(34,137) 327 326 202m 390 243 385 243m 390 242
b 241% 244m 242m 185m 1.84dt(3.0, 12.8) 1.84°
252 270 1.56° 265  1.55dt(3.4,13.7) 322 336 157 269 187 265 193m 273 181
b 187 195 198" 157Tm 155 1.58mat27°
26 851 364 852 3.69d(109) 746 338brd(68) 732 339brd (9.6) 850 3.65d(89) 851 3.68d(99) 851 367brd(83)
21 699 698 8438 847 69.9 698 698
28 319 169 316 168 364 209 362 223 318 148dd(137,45) 315 149d1(50,139) 319 147d1(141,47)
b 1.48dt(43,13.4) 1.49.4t(13.8,4.5) 165 162m 169 1.68° 1.69°
2% 201 157 200 1.59m 274 18 267 223 200 173m 200 170° 202 173
b 172 1710 189 L7 157 157 161m
30 693 365m 692 3.64brd(95) 876  4061(7.4) 880  3.99(10.1,57) 694 3.64d(127) 692 3.63b 69.7  3.61brd (10.1)
31 755 759 747 75.1 75.5 760 759
32 710 355 * 507brs 760 349m 732 388m 708 355 747 506d(11.4) 747 502brd (108)
33a 315 229 284 2l14m 323 236 374 3.03b,m 314 244 286 271 292 2.76brt(13.9)
b 243" 277m 248 191, m 227brd (13.7) 216 220brd (13.9)
34 1260 1240 1265 127.7 1256 1250 1263
35 1276 1215 1293 128.1 1286 1269 1285
36a 323 1.98d(184) 326  1.74brd(184) 329  193brd(183) 331 2.18m 321 312m 319 297dd(187,93) 343 =
b 2.96dd (184,87) 2.86brdd (184, 279dd (183,80) 232dd (18.7,7.7) 193 194° *
37 200 1.69brs 198  165brs 196  168brs 192 171brs 198  169brs 196  164brs 197 166brs
38 199 18lbrs 199  194brs 197 174brs 208 186brs 197  182brs 199  198brs 199  1S1brs
39 256 Li2s 254 Ll 193 L1Ss 195  1L15brs 255  Lils 254 Llls 257  1ilbrs
40 189 133s 187  LI5s 214 LiTbrs 181  Lllbrs 188 131 187 113s 188 1145
4 512 3545 510 352s 515 357s 511 3.56s 513 355s 511 3535 514 3.54s
Ac 209, C31,C-320H 206, 199s 209, 203s
1708 1706 1705

*Chemical shift values of 'H NMR data and '>C NMR data are in ppm from TMS and CDC; (8 77.0), respectively. *Overlapping signals “not found
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Studies on cytotoxic biscembranes from the soft coral Sarcophyton glaucum
Tetsuo lwagawa

Department of Chemistry and Biochemistry, Faculty of Science, Kagoshima University
1-2-35 Korimoto Kagoshima 890-0065, Japan
Abstract

Seven new tetracyclic biscembranes (1-7) have been isolated from the soft coral Sarcophyton
glaucum. Four (1-4) may be formed biogenetically by a Diels-Alder reaction of A*® and
A®® geometrical isomers of methyl sarcoate and A*® ¥ dienes, including two with a
tetrahydrofuran ring between C-27 and C-30 (3, 4) and three biscembranes (5-7) are probably
derived from methyl sarcoate isomers with A4 4®) 8®) and a cembrane diene. Their
structures were established on the basis of spectroscopic methods. Six of them (1-5, 7)
exhibited weak cytotoxic activity against proliferation of human promyelocytic leukemia cell

(HL-60).
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=25

HiE B & DS 5 U 7 F L OHA OB & il & L8, H#i 28 B &4
DM 2§ D BEN D DD EFEDE D Z & T2 (EMBL FTk - Dr. Kafatos, 2004), ft->TC, v&=
\Z & > THEDAATHAEDME EEMWH 5 O - THIKIZH VD | FTEIREN O RS FAEDMRAIHR
RICKS o~ X =ARIEICH D Z LITERZETT 5, Thbb, v & =0 HRGED /1
CHINAMSRE D R & . B FEOEMIEMS T (tick-bioactive molecule: TBM) ThHH VU V' F—2r b
X ORHE - BEREAE L. 2 D0 TBM EESTRIEIRD 7 m A h—2 ZRAT 5 Z LT ko
THOLMNITHZ EEE 1 ORI E Lo, BONTSEER %, ~ & =&~ & =5 o]
JEEATOBRITIEH T 5 Z &3 2 OTREEHITH D, MA T, TBM OFH - 2R 7eotkme %,
PRI - JRIETERICHIIT D HIAIBEICRNL CH HiEah< 28 b, HERERRE LT 5,

1. %8

L1 =&=13IA - B0 RR L EEEICL > THERER

HiER FIZBEE 95 500 J& 15, 000 FEA 8%z 2 WA MERT RSB O C, ~ & =133 17 J& 900 Fi
(6%) DFYNT N—T"ToH V7235, & NUSOEMCTIXE 1AL, £/-b M TIRBUIRWTE 2 AL
BRI EREW & e SN TWA Y, ZO%E 1 oFHRE LTE, v & =nEbst o4~
COFHEBM A FTRE A G B DIA X &, BT 7= 2 KREWIN S AR KA DU « 41 LAskE
EHEL, UANVA, Uy T 7, i, Rl FAERR EIRET X TOREORFEIROEREIZ RS-
LCWb, £z, F20HE &L LT, MROEEN~ X = &~ F = HERRIC L > TH > T
DRRFEHIEEREDS, 2 30 AERMEAE 70 K RAVLL EOEAIZDIES>TND Z ERBbIFbns 2,
1.2. v & =&~ & N BRRRERIT SRR

Weo T, v F =L~ = PIRARIIA - O & BPEEICE > TRAIRTH Y, D7
HOFABAFE L, VDO HERIRRZLCEFRAZ S DS RIZ & 5~ 7 = A PERGYE O Ty,
RS =FRGE~ 2 = OB, FREHERAINC X AR5 - BRYESH D157 EORTEOGENL L FHE -
T, AR MREHE Lo T D,

1.3. BFEEK

~ A = BIRGPE By T OUW CTHERENIZIRAG 1- « X 2 R B L~V T 238, T ORI
TBM 73 & _N—R L LT X =B L X =l EIROJRR & 72> TN D AU T IR OBRFSIC
SIS 5O T, MABIEIZE AT Th D, 3 CIT, Fox ITEFEEM S T O8E 7-0 v
NI B LSV OMIRORHT 2B L TR | AR AR — hD b & TE BT~ & = TBA ONEERIfE
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PRFERS NI Z LR, IVENY 7 F o FHFOT VAN —NaREL 72 %, [RIRFZE
TRE DAY, « FEEOWFR TS ED X9 IZB > TETeDn TN - & 201
LAYV TRHIATE D K 918725, LLED XD ITADIEE, JEREIED D Tz < S & Fogrit
AT D TR Y, HBLAERIT RIS RETE 2,

2. B
21 7% NFF=H=iZBIT BV S F— AOMIRAENT

~ H = IR IRIRIFURICIR S, RIS LTI 2R 200, WIS R S %
FEISHETWDZERTREIND, VYT —ATEHEDIZB N TASFEL TWD Z EBRFHNT
BY ., PHEISEICRBNTY Y F— AREEREEH A S TWD ZENRB 2 bILD, ITEAFES
ZIZBWT, VY TF—20OHEDPN D07 ENTEY U Y F—LDHEFEIRI T 5 G
FEICBE L CWND Z EDVRIR SN TCWND, LNLZERG, 77X NFF<H =BT H ) VY F—LD
BENZDOWTII 2RI LTy, £ 2 THRAIT~4 = cDNA 74 77 UV —%H T,
UV F—LBIGFDI a—= T EAT, EOREIZOWTHIND Z 2 R E LTz,

22. BXTVUPAD MRV T T A< FHRIZKRIETRE

T2l I7 U7 AT =Tl Ol b EERIEREI N CH D T X N T~ X = Dligigsn| 0 EST 7
— B —_R—2ZAOIERIZE T L, ZIVE TICHERR, 5. ~FV 7, IR, IR, BEMIZD
WT, BEF 20000 7 52X —H 2 AR DNA T4 75 U —nb e A HREK - REkED~
H=DBIFTA 7T V=R L=, 26D EST 7 —H —_— 2 & T, i - 191k
P RGE 8 D~ X =Dk & 72 AEFHERE A > TN D TBM 2355FfE « HEPERRRA S 4. —350> TBM |2
DWTE, v F =RNIZIIT 53U T JRIROIEE | HiGHE, Blhe & & OB GIEH ST b,
Tiebb, X =OMEEREHIMEE Y T L LT, T4 7 = VU BEORFEEST T R V' F—
AR ERHBN TS, T CI0, BRI TIE 150 DL EOHEMEATF RS i1, HIESEE
NI eT <277 ThH 10 LLEORER T EFRE SN THhDZ Enn, w4 =Tid,
D72 ) OFFEDGIE R % HH ) BERE D TR R EE X DD, BIRGIEITIKIET 5 B R4S
Tl JUEMEAT T RO EHOREAEM KT =7 = 7 Z—4r 1 & U CREER 2R, 3C
WA IITA 72T —RNEna XU RA L, ZOX U RTENE, BERE, N
RUTFRHRICEGRERN S D Z L 2 WE LY, 2T, BHIhUSEDIEIENIR)) & TS b m
VRVATEEND T T R, PL & PAEARL, OO MY T T X RIS
IR, R OBUR BA L EOBIROISE AT 5 2 LA HE L,

3. #ER
3.1

T NFF X =OMHEIRD cDNA 74 77V —mb5eaR U v 9 — 4 cDNA %15, HAly IR
WraEfT-7-L 25, 663 bp T, ORF (%423 bp TH Y, TOHEEEMIT 140 7 X /s CTH 7= (e
E T8 15.7kDa) , ZNHIX19 T 2 VOV T FNATF ReEATBY, 4EHOYANLT 4
RFEEEIL & 2 FERTORESHE AL 5 CHLY V' F— MR T DS L R ETh D Z &8
HERI S T2 (Fig. 1) S DITEA TR 2 W CRELZARDVEH 21TV, ARG T D7
Haz V) F— L% 6 M REFLET T E%. Ni Sepharose 71 7 I HIZE S8, T 4 ECTHEA
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ATV, BB b &85 Z LIk L7=(Fig. 2), ZOfffaz V) V' F— LOREETEMIL 70°C
MO T(Fig. 3) L. ZiiE pH 1 ZEeEMI(Fig. 4) Th o7z, £z, X =DORMIZBIT5H Y VI —LiE
B OFRBELDEAEHNTE T A, =, BHX =, iy =Cldfalnig T2 Ligho7z, Lo
LD, JF =DV V' F— LB OB~V Zlifami| TH Lz & 2 A, WERIR, ~E D~
7 BEIARIC IS T, WRIMIC K 5 C Y Y T SR T O FEBL L~ RANHER S 7= (Fig. 5),

1 GTTCCCGGGGCTTCTTTTAAACGGAGCCCGOGCGGGATAAGAGAAGCTGTTCTTCGACCG

61 GTCGCCTTGTATATCGGAGCGCATTGCCCTGTCCATAGTCGOCGTAACACGATGAAGCGT
M KR 3

121 CGTCTTGCCGTGGTGATCCTGTTTGCTCTGCTGAGCGOGTCCAGCGOCAAGAAGTTCGGC
RLAVVILFALLSASSAKTE KT EFTG 23

181 CGATGTGAGCTTGCGTCCATACTCACACGCAACGGCATTCCCAAGAACAAGATCGCAGAC
RCELASTITLTRNGTIPIKNEKTIATD 43

241 TGGATCTGCTTGGCTACAGCTGAGAGTAGCCTAAACTCCAGAGCTATCAACAGGAACAAG
WI1CLATAESSLNSRATINRNZK 63

301 AACGGAAGCAAGGACTACGGAATTTTTCAGATAAACAATGGTTATTGGTGCAGCCCTGGT
NGSKDYGIFQINNGYWCSPG 8

361 CGTCACAACATCTGTAGAGTTGCCTGTTCAGCTCTTCAGTCGGATAACATCGCTCCATCC
RANITCRVACSALQSDNTIAPS 103

421 ATCAAGTGTGCAAAGAAAATCTACCAGAGACACGGATTCGATGCATGGTACGGCTGGAAG
I K CAKKIYQRHGFDAWYGWK 123

481 AACAAGTGOCGAGGAAAGAACCTTTCTTCCTACGTGAAGGGATGCAGATACTGATTTTCC
NKCRGKNLSSYVKGCRY =* 140

541 TGCCTGATGTCTGTGACTCGATGAAACCAAGOGGCTTGTCTTGATAAAGCAACCTTTCAA

601 AAAAGGGAAATTGATTTTTTTTGAACGCCTAAGTGCAATAAAGAAGAAAGTGTAAAAAAA

661 AAA

Fig. 1 Nucleotide and predicted amino acid sequence of the lysozyme cDNA of Haemaphysalis longicornis.
The nucleotide sequence is numbered on the left and deduced amino acid sequence is numbered on the right.
The stop codon is indicated by an asterisk. Red and blue lettering indicate the signal peptide (1-19) and
N-glycosylation sites, respectively. Green lettering indicates conserved catalytic residues (E and D) of c-type
lysozymes, and under line indicates the polyadenylation signal.
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Fig. 2 SDS-PAGE analysis of the recombinant lysozyme expressed in E. coli. Protein extracts from induced E.
coli. Protein extracts from induced E. coli carrying pRSET B-lysozyme are shown. 17 kDa His-lysozyme
purified using Ni Sepharose.

5 «

4 *

3

2 4 *

g [

0 N.D
30 40 50 60 70 80 90

Recombinant lysozyme (°C)

Diameter (mm)

Fig. 3 Lysozyme activity at different temperatures. 2ul of lysozymes (400 ug/ml) treated at the indicated
temperature for 30 minutes were assayed in agarose plates containing lyophilized Micrococcus lysodeikticus
powder. After 24 hours, the clear zone diameter was measured in millimeter. "N.D" indicates the absence of
detectable activity. Values are means = SD of triplicate samples. 'p<0.01, 50 °C vs. 70 °C, 80 °C
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Recombinant lysozyme (pH)
Fig. 4 Lysozyme activity as a function of pH. Phosphate buffer (0.25 M) was prepared, and the pH was
adjusted with 10 N NaOH to reach the specified values. After 24 hours, clear zone diameter was measured.
Values are means==SD of triplicate samples. *p<0.01, pH7.0vs.pH3,4,5,6,7,8,9, 10

SG MG HL FB oV
u F U F U F U F U F

Fig. 5 Expression pattern of Lysozyme mRNA in each organ of unfed (U) and 4-day fed (F) adults. Total
RNA was extracted from dissected salivary glands (SG), midgut (MG), hemolymph (HL), fat body (with
trachea) (FB), and ovary (OV) of unfed and 4-day fed adults. RT-PCR was performed using lysozyme-specific
primers. A 513-bp fragment was amplified by PCR. As the control, a 540-bp fragment of the consititutuvely
expressed H. longicornis actin was amplified.

32.

12X Y AT T N PLIIARIEEE & [FIBRIC T. gondii OAEAEER, E7-id~ 7 A 3T3 filfig~0
RN o T, FIUCK LT, B ¥ AT F B P4 LT, gondii ZHHE - HH L,
~ U A 3T3 e ~DERAZLE L 7-(Fig. 6).
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Control P1 (5 uM) P1(50 uM) PA(5 uM) P4(50 uM)

Fig. 6 Effect of longicin P4 peptide on Toxoplasma gondii infectivity towards NIH/3T3 cells. Parasites (5.0 X
10°) exposed for 60 min at 37°C to saline alone (Control), 5 uM logicin P1, 50 uM logicin P1, 5 uM logicin P4,
or 50 uM logicin P4 in 1 ml reaction volumes. Parasites were washed with DMEM and applied to NIH/3T3
monolayers on coverslips for 24 h. Infection rates are shown as ratios (%) of infected cells. Values are means
+8D of triplicate samples. “p<0.01, Control vs. longicin P1 or longcin P4

4, £

Bxlx, vF =D DN TAT7 7 V=00 Y F—LBIR D7 n—=2 7 %70, KGR A
R RDVERL RN L. F OB INT S T AR CTHLHI~A 7 aay h AT 4 75
o 7 ABEBARICK U CHHEIEIEER R Uis, BUEL, ~ 5 =077 MatkE, 77 LB, 33
TR HEGL T D U F— DRGSR T = X D DIENT A D TN D, AR5 DIV
REHNT, TBY OFHL - ZRcEEL . R - BRESTICRIT 5 AR TH OB 0 T
»H5,

Fox 1 IAEOFER L FERRIC e VXU U HRERASTT R P4 EHWT, FIEA =X LOKRED
(ToT- L A N FA L THT 47 A ILOFERIZ LY | Z DT T REUKMEAE) @A
WZH VAT, o~V v 7 ZAfEIEIER L CHERBE~ DT 5 Z 2T L, 7o, 2D
ATF R ERIRD DNA OFESERAZFRRD 72012, _XTF K& DNA ZiRE%, 7 e —A5 )V ET
ERIKENZ T o1& 2 A, IRERGFHIIZ DNA OBENAIE S 7-vkEg s BlZZ S, 3 7ebb,
ZDOXTTF RPEENIZA Y IAATE R, DNA LS LESIRZIERT 5 Z &2 - T DNA ofEHL %
BELIE9-2 FTREME & "8 S 7= GRsCiRFE ) . 6o T, ZOX I BHEA N =X LN F ¥V T T X~
JRHRTHIRERITHERE L T D Z ER TSNS, ZOHUFHR A 1 =X ADRINZOW TS ED
ARETH 5,

BUE, R OZ L OWFEE R~ X = & ZOEN RO B E LT, AR~ =/ 11
ROT-ODIEEAEIINED TN D, FxITIAZF LV ar X7 PENSNT TBM OFFF
HEEHEA CH D, FRFHBEETOLOEED, BERCIIENT'F R L 20 LLEOFH TBM 2%
HLTEBY ., X =OEF & BREA %5 TBM OEESE & BRI 0438 Gl itz U — R LT
HEHBALTWD,

AWFZECHEE S5 ARFISE B F - JEYUEZ ORI & O F DI OIEH « FEREESA~OH &
IFITRE VN, BT, IROFHIDZHT Hivd,
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O ~F=DPHHREHS FOEETHL Z EMEND 2 Ll2ky, HRRITHEED T L L

R TE 2,

@ ~ ¥ =BRGIERE TBY 22— R & L Tv & = L T RGYERE BT 2 sz L7l TE 72700,

Tex 1 TE T (G58) 2> TEN S ORIWELFHETE 2KHIZH Y . P LI%a. AD
HiREMIRIE (= T ) T 7R E) DU I F o« IRHREEBAFE~ DB LTI TFH D LivZau,
BEFOR S =F L AFRBEFA R 0 . g (N « B (5 U TRt DR & =FI DB
WATREL 725, EFEEIFRMR SN TWIZ bbb 6T TR ENE D7 0 X s—2 Ofif
IEIE L A EERE ST E 2720 ARBFED BRI 227 Z — DRI D723 5,
WA - TRAMRA S 584 (18 LMk, JRIR) ZH D 1AZ, EToRa T L IO A Z
2 DRI BN X =TI, Mo E) & R 2B T LTz BIRGERMFAE L T
. WO BRI T2 FRmAIRBAD B S, SR OBRETHT 2 1 =V
A% L EHIRTE D,

5. i

AWFFEREZZA TS D12 HT2 0 | WFFEE IR A U CTEW - MENE AR SR P8R E < B840

ZH L EFET,

6. 5IFAHR
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Analysis of characterization on the tick-bioactive molecule (TBM)

Tetsuya Tanaka

Department of Frontier Veterinary Science, Faculty of Agriculture, Kagoshima University, 1-21-24
Korimoto, Kagoshima 890-0065, Japan

Sequence of tick salivary glands lysozyme from hard tick Haemaphysalis longicornis was determined
by cloning and sequencing from EST data base. It is the first lysozyme sequence representing open reading
frame codes for putative signal peptide of 19 amino acids and a mature protein composed of 140
amino-acids. Calculated molecular weights of the protein are 15700 Da and theoretical isoelectric point is
10.05. Lysozyme share 36-75% amino acid sequence identity with the lysozyme of other organisms. The
full length cDNA sequence of lysozyme was obtained by PCR. Lysozyme activity of the recombinant
protein expressed in E. coli was confirmed by a lytic zone assay using lyophilized Micrococcus
lysodeikticus cells in agarose plates. Lysozyme activity decreased at 70 °C, and was demonstrated acidic
side in a pH range. A quantitative RT-PCR was developed and used to evaluate expression during feeding
of larvae, nymphs, and female adult ticks. Elevated expression on salivary glands, fat body, and
hemolymps of adult tick was observed during feeding suggesting a combined function of the H.
longicornis lysozyme in innate immunity against microorganisms.

Longicin P4 peptide is an active part peptide produced by longicin which displays bactericidal activity
against both of Gram-negative and Gram-positive bacteria and other microorganisms. In this present
study, the effect of longicin P4 peptide on the infectivity of Toxoplasma gondii parasites was examined in
vitro. Parasites incubated with longicin P4 had lost trypanblue dye exclusion activity after inducing
aggregation, and the ability to invade mouse embryonal cell line (NIH/3T3). Our observations suggest that
the longicin P4 could help prevent the development of Toxoplasmosis in humans after ingesting raw,
infected meat.
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HE

TR TIIEFREERRE RO TEAERE THY, 77 F VPN EL AT D, 77X T O
BRI SN TEL T, 77T VUL AEDBE L~V O RITSEHEINL TS, 21
FTHAIL, 7T70% T ORREABK T 3 BIa T (infC) D7 mE—F—LT77 % T LaR 4l A
FE M IR N T N A 7V i EE AR T (tet) 2 AW C, 770 X7 O BRI LTz, L)
U BRI AR L E CTholo, AFFETIE, DI et —4—L aR fEfAEEL2 7S
X TNREIE LI N DA~ — I — BB T2 HWT, 770X 7 OB R OUGEIZTO A
2o AR AEHBE A (b LTc T o 2~ AV ViR s I, BARI SO AE R ML 7 Z
URTIA G L2 enh, aR Al FBEE O WL~ —h—8 5 T ORI ER M ELi-E35
ZBNTZ, ~A7aT L ADT —HEHET, InfC JOEVEHLEE/RL, S5 HNL O LI E T5
ETHENDEIEF230FKLIZ, ZhbD 7 oe—2—fEl% tet® (O L-@ & & A2 ER
L. 770% 7 OBz I T,

1

TR TITERBEE AR O THEHERE THY, 8 B 200 FEIZHI= oMLt ET 5, 77 %
T OAEDE EIIT 7T IV NAAEY) ERFIT D, TR RS AIRAIE VI ERE TITh1L,
TR TIFFITCRENDEZ S F 52T E=T ~EB LU, 16 W HEHE T 5, T7F /UH L
T DIZEAE VIR TH LT | ZOILATFRROE RV A7/ EHE R EIZH > TWD,

ZOIHVREEMRICHEDLLT, 70X T =TT UV A I ED Gy T A = A ML
STWRW, TE, bl T2 232077 % 7k (Frankia strain Ccl3, ACN14a,
EAN1pec) D4 ) MELFIMTESHL O, WD A B R T DA N R ooz, 2707
= BRFTICED | AR IR - Vi3 K I KV FFE S DS TS A E S (CO L7l s 11X
ORI Tl A IR R EZ ), L LR, 2SO0 G FEE I A4 28 F[E 1B
B3 L0 OB FHIRFE TS TR0,

TR T OBRTFEG T CTOALRELRBHIX, BEHEHN TERWNWIETHS, Cournoyer &
Normand %, =L ZhaR—L —a LIk 770 % T D7 FAIRK DNA 2777 HIlgIZE A
THIECKIL 2, Lo, TOMBRSATUAENE 28 TBiR s ECAB T3 o7,
TIRT DT ) KNIMERIZ GC EENEV (T0%LL E) , 2 IZF 2 1L, — BRI A7 TI T OE

I
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R I WO DB IR~ — I —Bn %, 7 eE—F —EFa R Al AR DEW)G) £
BLRWOTIFRWNEE R T, TZTHRAIE, 7T70% 7 ORERBLGE T 3 s T (infC) D7 vt
— 24— (Pintca) &1 ARUVAEFBEEE D7 T2 % T I ELBRINITE N T b A 7V PR R 1 (tet®) 238G
L7z AEIs a2~ — I — L THOWDZEICIY, 770 F T OB Y, Ll B
BRI L E Th o7, BOEERIRTIC B ARAD IR R THAWE MIVEA S L/
BEN, ENOLPEOBEIEIAIDS SO EZ R 3 28280 £ DI E A RIkS
mLEZLNI,

ZZTANIZE TR, BARMMARZERTZDIZ, IV @EVEEO~— I —BIn T2 /F R L OPE
PR DA E ML ~ VA BT 52853 ATz,

2 ER
21 RV b~ —h—8E A2 AW R SR

AF A= LN TR 7 DA DO T I BRITE I DAaR A kha—RENTEY (FFEaRY) . #h
FNORIFEAR L O RS ITAED L > TR D, FEEOEYIIKBE T 2EAL CRELEE
Dt AR AEFBE N DAY ERE B DG IR RISBRENAR N ), 77071
AT %< E e RFEIN Z2H0 URBE CLOME AL TS ), 20192 F%EaR N W EE
FIET7 7% TN TOESTHRR SR WA REME N Z 2 bz, ~— I —Ba ORI % E
FHI=OI, aR A ABEEE 7 7 T ISt L= 7 v 2~ A 2 U iEE s T (fgm®) 2 AN TA K
L7z, A E Codon Devices tHIZ ZFE LT, fgmR & 7 08— 2 —Piie (S L7- @l & @ i1 2 1R
L. ZhaE MR O~2 2 —pTSFINHL AR, THElfa AT 7k pKKF9 ZAE4EL 72,
INETZTUXRT OHIBIC L 7 aR— L — T al dRIZEVE AL, P X~ AT U hE TR R
TIREIEUAZERE LT, RITREFEEREL T, miE(bE2To CORWEF AR D7 2~ A2 it
5T (gmP) & dea AT 7k pKKFEV% W CRIBED EBRZAT 7=, TWE IR ICITE 7~ AT/
ELILAET B Cel3 #ha V=,
22 EEEEEET e -4 — D8RR

WERDFNE~— I —1Ba X InfC B T D7 BT —X—0BHWHIL TV, KU EWEEETE
PEFFo7 e —4—% AL, ~— I —BETOEEE LT 528N TED, —RICRILED
BWELE T OF ae—2—JEEILE N, £2T, v A 70T LA 0SSN =& &m0 7
FOEERBEEORELL CORBELENEWVER T2 THIL, 207 at—4—Eil% tet® ([HEfEL
T E it o L AT 7 AR T,

3 REBIOEZR
31 ARy b~ —h—8fs 12 AW E st

fgm® F5 L Ot gm® DI FEFLSIO Ll E Fig. 1127, fgm® TIEZL< DRy 73 GC 2 %< G el
IR RE T, ZORE R, 2 B EE O BABLEE 7 R AT D codon adaptation
index (CAI) ¥73, 0.325 75 0.825 (2] L L7=, fgmR 35 L0t gmR &7 10— & —Pye, | SHRE L7l &
BInTEE L ANT 71, pKKF9 38108 pKKF6 % IV O E a1 T U,
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gmR 1 A CAGOAGCAaeer ACECAGCAGGGYAE; CUAANACIAAA ERICAAGTR 70
fgmR 1 I} GTCeTCGAeer ACECAGCAGGGE e OCM ACEAA G OCTCG& 70
M \Y

L R S S ND T Q Q G S R P KTKULGG G S S M
gnR 71 EEEo ¥ SALETAE CLIGAOCA AT GeGAaIGa 140
G 1 1 R T CRULGPDI QV K SMRAATLTDILF
gnR 141 [&ee GAGTTCGEAGACG COTACTCCCARCALIICAGCCGGACTCEGA eIV TIIG 210
G REFGDVATYSQHOQPDSDYLGNIL
gnR 211 @ AGLIAAGACATTICATCGCE ® C ANGARGC ® eGee Ty 280
L RSKTVFTI1TALAAFUD QEAVYVY G ALAAY
gmR 281 CTGCCCAAGTTRHIGAGCAGCCG AGLIGAGA AIJA AJJGA C G O 350
. B e R M R
D 74 . »
(o)1 SCISW M CCGGIAGECAGGGCATGCEACEGC AA ICCTCAAGCALIGAGGCEAACGC G OTHAT 420
v BT e S R
R Q K H A N A
(el I2 i X TGATCTACG AAGCIAGA g A CGC CUCTCTAIYACERAAG G 490
v 1Y vQADYGDUDWPA AV ALY G I R E

[EY

N

w

IN

T KL
R M AGAGTIEATGCACT THGALIA CAGIACCGOSACE TAA 534
EVMHFEFDIDPSTATZ*

Fig. 1 Sequences of gm® and fgm®. Identical nucleotides in both genes are highlighted. Amino acid sequence encoded by

those genes is shown below the nucleotide sequences in upper case.

0.20r 0.3
— 2 -
g O1°r Q 0.2}
a) e
e >
2 010 @ .
% ’ S 0.1
= 3 O
5 O
© 005}
L
W 6 9 W 6 9
0 1 1 1
pKKF6 noDNA pKKF9 Gentamicin: 100 pg/mL 150 pg/mL
@mR) (fgmFk)
Fig. 2 Selection of transformants in liquid media Fig. 3 Gentamicin resistance of transformants. W
containing 75 pg/mL gentamicin. Cell growth was represents wild type strain Ccl3. 6 and 9 represent

evaluated by optical density (ODgg). Replicate transformants derived from pKKF6 and pKKF9 that
experiments examined reproducibility. Data from the contain gm® or fgm®.

same experiment are connected by lines.
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75 ug/mL D7 U B~ AL % E TR IR TR UTo, ZOFEE. fgmR DIEH 2SI B H T
A~ U7z (Fig. 2) , ZNHO T B4 100 3L V150 pg/mL 7 v Z~ A2 g e T
B LI 25, fgmR 2 FE O IR IR D 778 150 pg/mL D7 2~ A 22l % s L= (Fig. 3)
TIHORERIT TN AL B DR CIZKOBIERIEED LR L, T Z~ A Vit m o722

LHEIRT,
32 EHEEEE T ae—2— DR

Hxld, vy 7 R0V vEELLAETETTFT ACNLUa RO~ A7 T L AFRMTIZ IS

FRAALO0451: hypothetical protein

| 0452 |

0451

>
435 bp

FRAAL3771: putative copper ion binding domain

3770 | | 3772 |

FRAAL4031: molecular chaperone Hspl18

4029 4032
4030 *
«—>

773 bp

FRAALS5161: glutamine synthase
1425 bp

S5

* 5161

FRAALS353: putative ATP-dependent DNA helicase I
225 bp
—>

M 5353

| 5352 | 5354

FRAALG6224: hypothetical protein
228 bp
<>

* 6225
6223 6226

Fig. 4 Gene map of highly expressed genes. Boxes above and

below a horizontal line represent open reading frames (ORFs)
transcribed forward and reverse direction, respectively. FRAAL
ORF ID number assigned by Frankia genome project is shown in
the box. Closed boxes are candidates for highly expressed gene
predicted with microarray data. Predicted transcription units are
indicated by double arrow with nucleotide length. Predicted

promoter regions are indicated by asterisk.
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o BB TFORBT 22 HLTND
(unpublished data) , Z#UZ&H L, infC &
B 113426607 AR T 61 F B ITH\
T FBZER LTz, infC Kh@EW T r
EZRT EiE T JELOBE KA, 7
JAERICE SO THERLIZEZ A,

FRAALG6224, FRAAL5353, FRAALS161 .
FRAAL4031, FRAAL3771, FRAALO0451
D 6 DT HMBEFHLUTANm DA
SHICALE T D2 e TS (Fig. 4),

OFED, INHOEMRTO BRI mE
—H =T HEBE RO, /—T
7wy MMEHT O 5 R . FRAAL3TTL

FRAAL4031, FRAAL5161 THIWRZ2v 7
Fvh kR En Tz (Fig. 5), BRGEH D

FRAAL3771 FRAAL4031 FRAAL5161

1.2 kb = =

" ' -
0.8kb-'
5 -

0.3kb |

Fig. 5 Northern blot analysis of highly

expressed genes.



YA XD, ZSIT PARRVR G BN O SEHEITN LB 28035 o 7=, ACN14a ¥k~ 7 2 DNA
LTINS 3B F O mE——fEl% PCRIZEIVHEIEL | tett I28AE LT, ZOfE~—
H—BaFE T, 7T70% 7 Cel3 BRI E itz To7=, BAE ., BRI TOEE AT o T
Do

il

4 HIEE

AW FEHBAT T DIHT0 . WFFEB R A= 72 W e EH vE E VE BR 2R FE AT LR R LB
FT, 770F%7 Cel3 #RiE, =a— 27T — K5O Louis Tisa i £IZ/5 8L CWVe/ZEEL,
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WELT, JESBILHL BT £,
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Improvement of transformation method in Frankia that makes

nitrogen-fixing symbiosis with trees

Ken-ichi Kucho

Graduate School of Science and Engineering, Kagoshima University

Korimoto 1-21-35, Kagoshima 890-0065, Japan.

Frankia is a nitrogen-fixing actinobacterium that establishes root nodule symbiosis with
actinorhizal plants. Molecular basis of the symbiosis is largely unknown because genetic manipulation
of Frankia has not been feasible. Previously, we succeeded to transform Frankia using a native
promoter of translation initiation factor 3 gene (infC) and tetracycline resistance gene (tet®) with a high
codon usage similarity to Frankia’s. However, the transformants were unstable. In the present study;,
we tried to improve the transformation method using stronger promoters and a synthetic marker gene
whose codon usage pattern was optimized to Frankia. Transformants derived from codon
usage-optimized gentamicin resistance gene showed higher antibiotic resistance than those from the
wild-type resistance gene, suggesting that modification of codon usage pattern increased translation
efficiency. Using microarray data, we picked up three genes that are likely to be expressed at higher
levels than infC and located at the head of a transcription unit. We generated fusion marker gene

consisting of the promoter region of those genes and tet®, and transformed them to Frankia.
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A bFRFXEFTFIZEFAR FAVFIOLERWV-EARE

- ZOHFUEROBIE -

o

S GLE

0%

VR B R R P R TR 22 B A b B
T890-0065
VR S THARR T 1-21-35

Cia=)

JEAS B TS IS AEDED BRI AR A L T, 7 v —  Hiie L O AR
FHGE LCORAZR EZ B E LT, WABDOINZR ETEnAIiTbitTng,

A by F T LA F ATHAFADOINCIBN T, SZAERE & FIRRICINNIERE D Lo 7 BRI %
FHRHEE, BIESHED2ERNMONTND, LLenb, ZTO%ROEAEDNETT HEITH T
D, 72T DIE Y REE JIN D BT R o o HUD IR A TRRMA A~ S 4, IRciEsy
GIRE NI DENPIMED B NEEN D, Z DO T HEDOFIME 2 - T, My
21T, b bR AFAIIIMIER M 26§ 2 2 L AUETH D,

SEIOERBTIE, LA brrF Uy B KREE FTHRBINCER T L, 4 /v b= =
U RT3 DIGEERERE C K B IIN LT T MRS Z 0 . SRS B R L, £
FRAR D JH 24 L7, 2 DOMBIKRA I S 700 TH 2 D% OFRAERHET Lz, ZDOIpC
X, 22002RIEKE 2O00FMEDFIEEHERTHIENTE, ZhbHbDENL, A b~
Fb FTFERBII T, HEENZE R VHLMERR b F T AL AL o T, R
REAEEL-LEZOND,
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1. 5

AEFEANR T DI T, T 2 F S FAENELB ST, HATRAE LTS, 1887
M Hertwig 73, 7 =IN DB ETH & I N s LRk, N THHE A AOWSEIIINE & OFf
ORAEREITEH MM LK D Ekkx REMWIOINEZ M EHI AT TE 7o, BUETIE, /7 r—
H i ORI R R Y BN OB R FIMEe EZ HRE LT, Ty b v TRl
S TZFFLEEYN CTHRZE S AU ATh it T %,

AR THW-E FTINZENTH, B 72077 4 VW alzAFdH o F
RN AN DA T 4TI R DIVORRIE &V A N BT 2 AT K D RS o
P 2 B DG E . BARENEIT T2 HEARE SN TND Y, WTHOMEDOEHE T
b, PSRRI E WD TRIEZ M S B RWERMLERAI R TH D, UL —xfoHth
KNSR DMBANA LT XT Th D, FMEOEREOFEICERNTS S5 Y,

HOOMARTE, AR SR I Y R Sy Bl 2 =] D ASEIR D, iR e LT < HERIE TH Y .,
DNA #8 & [FER, MIE I\ T GY/S Ml —mI72 i ER S T, MlE 53T L v iR
N1OTOZFMBND YO, LR S Z ) W o 2RI h MBI A 1 = X L L iE,
W AT O IF R AFAET 2 ORI, FEEAM7R 2 SO IVIMENR B2 | SN T
EDOHMBIZ AT SN D EMTT SR TWD & &NnD 7, S ZLRFECB N T, B2
D S WITITH L/ MEDNE L S, —x O F I IMEZ B o 7o HUUME D B — AR & IPIZ Bl S 4
Do FEVTREZ B85 AT O S T, HFlvMEDORHEA R Z 59, BH—oHulvME
ZFFo To RIS A I Bl D, 2 9 LTINS RV TE B — D b IMA % Ff
DHMAIFEMAE A FF7- 9, ERLO TEIC X D ARYE T — - 56 W7 OmMKRZ g L
TEINIRELRNE SN TS, 6T, AEEZ KT DEDORAINTIZ, ZO—% o
IMEZEFFOFODEABIER LT, ZRBICLVFLAENTE THROFLIRDOIZRN, EDH%RD
BAETHEHAESND EEZLRTND ),

A b F T LA F 0L, WELFHOIN K LS DI AT 5 & S2RERFIZ O &
D 7e, BIPNBERE I LY A A RO EM A ERNR 2 ERMLN TN D M, 51T,
APy TFUANIEIVIE SN T ZAOINTHELEFEAEL, EOFITIIERE CHRE LT
LObHoTmEWIMELHD P, T, NI T AL A VBEO FABREZ 5F
TN RBIRTHY | I T DA F AT THE < INOF BRI LB IR & 7 )
NMNRFTHDW, TNV TEALFRINT T IAF ) TH T X )=, A )T h—)b
“ UV EIC R0 NABNZININO Vv D MRIE % R S8 55 T H AR ICHTE S
EHENHES PN 20 L X ITIE R OZEORORAEICHEITT 5 HIENTHD 7,

DA rF UL VBIESNEENET Lz 7 2A0INE, 1 SORIEEZRL,
BRE LCHRAETD D, —J, ARBYFULIMA, A NI T2 BRI X 0 SR
SETRFOE "R 2 IH 35 &, 2 DORIEEZFf > T, fFKE L THEAET D, A by
FULEFA NI TV UMBRIC X D HARAEINL, BRI FEOREDZ A LATY
a—/b BERERT, —H, AT U LEEOLObHOE, 2 MiEE TIXIERZREI L
RFEZLRWD, Z D% DINEIFRPZRFIIC AR DO AR AT X 0K < 72 0 FAERR & i#iL T
W5,
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AWZETIE, B FTREIIZ AV, R b rrF U AL D EARIEZHE Lz, ZORD
IR 2D DA A B, BRTE R O B2 8RR A TSRO0, ik, BRIE
72 EDRFEEEIZ OV TR L, 5T 2,

2. Fh

FERIZIZA h~FE b7 (Asterina pectinifera) JR& f 7o, F72, SIND LT T AA A R
JEZALIZOWTIZE I VA (Astropecten scoparius YD Y & V=,

IR AGHE B NE L TH D 1-ATFNANT T = THREAFR S 7200%, 8 MAhkH%, Jp
BEHF ¥ o "=l AL~ A /7 r~v=tal—F—llky b AV a RNy Ty—
(450mM KCI, 10mM HEPES, pH7.4) (ZIA/> L 72 1.25—2.0M SrCl,* 6H,0 (FnJeHidk) 2 NN E
22.0-33uM 272 % K 9 BEMIES L=, T ¥ o 23—, BilE R anviE K (25 mM KC, 399 mM
NaCl, 50 mM Ca Cl,, 50 mM MgCl,, 5SmM Tris-HC1 C pH 7.7 [ZFH1) % M7=, FEBRIX 200 TfT
-7,

MBI T V2T DA T DEAGIZ, AN T DERFEE LTH LA 7Y — 2 % W CH
ELl. A Y= var Ny 77— LT Smg/ml 4L 227 Y — 2 (Molecular Probes)
O UDES L TEBWERRINC, LA hu v F U AERZFES Ule, ESE, Gk
FICHR L, o2 I AT, 564V Eifg 7 — # 1X. MetaMorph (Universal Imaging
Corporation) CTH(fE(k L7z,

EARZRET 2720, EE L7CINE EEH DNA IZEENICHE ST 2 F0NHM LD
6-diamidino-2-phenylindole (DAPI) 0.5pg/ml THeth | fRiy L7z, BT — &1L, mEQAE Y 7 k
7 =7 Image] (NIH) % F\UTatipE 2 5fE b L7,

HEEHOLIURIE THEE 2 BI53 T 5720, IIE OHt, [EE % Uetake etal. (2002)
DFETITo T, —REUAE LTE BREZ AT 2720, £/ 7 n—F )L =7 X i p-
F2—7 VU HUR (Amersham) %, HOMEE UL T 7201213, V¥ F fiy-F=2—7Y
Pk (Sigma) ZfER L7z, ZRPUAE LTIE, &% O—kPURIZK LT, Alexa Fluor 555
A Y Pi~ 7 A IgG P& (Molecular Probes) & Alexa Fluor 488 #54 ¥ HL7 X IgG
bk (Molecular Probes) Zf#iH L7,

3. FER
3-1. A rF U AL LIVOMIE

WALA MR F U LE, A bvF e NTRBYNCBEMER T 5 L. 2 TOII TR E
F-LTce LA LZRDN BARAEINIXE L TR, IIERARESCSEIE LA R & MOZ b dH 5
biiehot-, TEREIIZ, EFSZREINORE L RERNEN N7, A harF U A|IE
RO FE AP BEIRE ] 2 Table 1 127 Lo, IERSFEINCTIX, BOREHK 90 0 TH—IFRINE Z 5,
ZAUTHARD & A b u Ty ARIEINIERN# 16754 57 CESMELSE) &, 227 b BT,
LovL, ZO%OIIENIR 30 0ETHY . EFZREINEEb Lol
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Table 1. Time course of the Sr**-activated embryo (n=120).

Stage Time (average + SE)

2 cell 167 + 4 min

4 cell 198 + 6 min

8 cell 242 + 8 min

16 cell 270 £+ 8 min

Hatch 15 h~
Bipinnaria 5d~

EIVHADERAINE AT, A ba T U LESREOINNIERED Vo T bA F R
{bZWPE L (Fig. 1) ., IRE EAOE—7OEIZ, A MerF U LAENT LEIOEMEZ 1
E LT, =BT B L ZE 18~1912h-> T, ZhiE, EEZHERELIZIEFRCTH-
7o AburFULEFICIAEIEIL, LU ARINMEKF THEE Z 0 2R B2 R
T&7, o, IVNERDA v h =2 CERIEHAL I VT T A A BT X R OVERE
ATHDH~NY THILEE L7290 CliE, IINI AL O A O EHIZRGNT, £/2. %
R A Lo Tz,

A\

2 \
1.8 A\
\ \ Fertilized
\ \ Sr™-activated A
W ‘\.-w

—
(=]
—

Relative intensity
e

1.2 '] \‘*‘-‘ﬁ
L
0.8 et { . !
0 * 5 10 15 20
Time (min)

Fig. 1. Ca*" transient in the Sr*"-activated and fertilized eggs.
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3-2. A hr T U LLERIIOZARZAL

HEH DNA ICEEMICHE AT 5 DAPL Ot E 2 JE, it L, = b —/LOEtHn -
2n + 4n OFEEHIZR A EIREE & e L7z, A b o F 7 ARIERICIPEI L 72> DNA #1%
40573+19334 (CEHELSE) TH Y, a2 hr—/L0 n OfE (31386 +7598) (2t o7=, F7-.
A b T AERE, 120150 - 180 43D WAL S B A A i L CE7ZIREIZBga L
TWRWIROfEIX, 120 43 Tl 61541.93 £30426, 150 43 Tld 89212, 180 43 TlX 132584 TH
D, = b —/LOAHn & 2n (120381 £20799) DEOFFHIZH 72, DT EMnBH, A b
a Y F U ARIEIROZEIEn THD EEZ DD,

3-3. A barF U LRI 4y ZLE E

WNE DS D D B, BITEIRE, HEEOERK Y THD B-F2—7 Vv, £ LTHIDL
IMEKDRGY & SND y-F 2 —7 U & MEEaOt b TR G Lz, TORE. 2 2DORRIK
E2ODHIMENRH D Z EVHBILT (Fig. 2).

JA

Fig. 2. Mitotic apparatus in the Sr**-activated egg.
A:B-tubulin, B:y-tubulin, C: DNA. PB; polar bodies, CS: centrosomes.

4. B

A rF UL AT T AOIFTHERA SR ZTERRESLTND P, ZoX |k
BYyFULLAF L, B FTOINIX LTS, SINIVT T AL F RE B A2 IRE %
2L, L R S, SERHCIIN D VY T bAoA U JRE BRI Z D I EER
BB THY | NBWITRE LR 2 23 L I02 BAMICIRIE ST 2508 ks 19, Ll
RN Z ORI, INEIRZEDORORBEICETT 2 HETENTHHE T, AbrrF UL
ﬁyﬁﬁﬁm_%é%ﬁ%t T A=A NFEBEED, ZNETHRESNTWDL A ey
T LM X DHIEINC T S RRIE L, MRS SEIGREER ST e, L LR ns
mOE hFIICIE, HEA borF U A E AN THEAKPICEN L THIIRA NGB L TH, %
R EF 7 oL AT, EEMENICEMES U ushi sz rnoiz, il
MOINIK LT, BRFMEHSEZA My F AL AT, =DV T AN T YT
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Y RTIERLS, ZRRICR O b O L RBEDOEKRIIR AN T bA T RED E5 (5
L—yay) 2RI, T, BRIV PRI SR, =X ) — b L
SUNAF ) Ty ToHAF )AL EEIHELTETORTND 2,

AL B RTFINCBWTE R hrrFULAFRRIZE D SN L T MRED FR AR Z
TENGD ST, ZOANTY LA T RE EAOE— 7 EIXERE R & FEOMETH -
7oo AN LT T DIPRREEE Th /NI Licix, 4 2 h—A =V VR E T ¥ —
EVT I VVRLETE—D20O08H D, INHEIEHILL, BT U AL A iR &
R E LT, RIS LTSS S b= A=) Vg, BB LTI T Ao A
PRV T IV, A7) v ADP UR—ARERH D, & FTOIITIE, ZHREOIIN D
N EAFREEFZEZTERTELT, FZA /b= =ZV UL 7% —DE
PERENTND B NAKRDA ) > h—IL = U VERIEHEAL D VS A F SR % oL
FLERITH Y . EFEZE LT 5~ o O CHTLE U2 Iiics LCid, A ha v
UAEERLTHOAINT T AL G RED EF SER EFIZR N2 o7z, 2, A b
2T AR DIET AT ARUMAKP CHREZ 270, ZHODRERNL, A hr v
F T LA F AL DIMRTIERFDINN TNV T IA F P ERIT, IINA 2 & b= =1
BRRD NN T LSRN S L TV D ENEZOND, A harF UL A UL, o
HARAEZTHIT HR IR T, ZFERTEWIIN I L D MREOELZRT O E L
R,

INFETHEINTWD e NTINOHEARA TIE, WD ZHERE T O H 2 mH+ 5
HRMEARARTHD EESNTNWD D, ZhiE, FOLEREEHIEO A =X 2R 5 37,
HFULRIE, B CHLIMNEDKE TH D -T2 —7 IV VREELEIWE I E N 2
RO P INMESS S D HIRNA LT R T T 5 22, M EHIC BT GY/S Hiic—mEl7= 1T
HMENERLI N T, 5O/ MEZFF o THiMEN 2 5 TE S ¥, ZhE#EW, B R
T I T OB FOHFRIT BT, B —EEHATO S HITiTi L/ MAERDE Z 0 5 —i
R E N IER 72 FOMERZ T kRSB 28, 88 a0 S Tl IMEOBE RS =
59, DHETAELDE K EINT RO L/IME UER 2 72 W DR Z TR L 5,
DT, I To— RO P MERITEREEZ R 3, A2 BT AEICITER L CLE
5,

LEOFERIE, 2 QORI HH SN TN ITERAEZ R o 72 FOMRBTFE L 72V AT H
AINTIE L CTHRAEFT LW E WS | DRToHE L 13RS, 722 b F U ARG
Tl IEFESREINTIER 90 43 Tl 2 28 —IFHI, BE 16444 53 L IEFIRL D i Tha
F o, TOBOINEIOMIBILKN 30 0fE L EFINEFECTH -7, Lo T, BMIFIIDORA
DT DB, A ba T U AT ZERRIZ B T 2 Fl MEOE R Bloxf LT, fhH
DOERZ LTS EEX bILD, FI2, BIEINOINEIRHZIL, EFINE & Rk, ERE
Nz 2@odok s, 2@EORRENRBIEINT-, £z, A berTF U ABIERIE, n & 2n
DOEARZERED KL THRAE L TWDEIRIB I NI, MIEE K L2k OEINT, —fHFERo
7 LT EREDL, ZNRNZ0%OREIHEDN TS ETHITE 5,

T 7Y FY AF )L (Xenopus laevis) DIMHIHIIZINT, AT T LFEG X VX7 ETH

-30 -



HANEY 2V AL DIEH SN I NEY 2 ) X% —BUR, FOMEERIBIAIZMNET
HHENOIWERDD Y, ZoWEICLDE, TTUBY AT DRRLZE D Cycling extract
(in vitro CTHUILE I OMEITIZ L S BG A2 BT X 5 0 =/ VIRO Y i, MiaE I FFE
L7e, iAo h—=1V =0 VEBRRIEAFINIR I N T A L—2a YRR 5TV D
Eanb, £, FMERGEET S GyM Bl & FOMRERINE Z 5 G/S Wlict v L —va v
DOE—27 720 HIMEIZRELTWADLEY 2 ) o3 F—BOEiEELT 5 TP EE
BB ZHIET 5L LTnD, AN UTFTUALFT ORI TIINI N T LA T REL
b3, & T IRDBE S ZOEFE TH FMAERIT O NOZEL G TVWLHEREZ DD,

ZOLIIT, A bvFe FFERAIITE, HRENZFRZR2VHPLERA ha v F o hd
FUNCE T, BIESNDHZ & T, BOREEZHEI R EORELZIT T, BUORAENETT
LRES RS LT, IPE] F b bRl RO A, B IMARDO B & 2R3 5 2 &I,
HAREORHEEZHAOGNIT DL ETHMOTHERTHDL LB, SEIERETHOR
EOMFAARZ BN ERET 5 Z L2220 5, AL, HEEZF 722 WHIL/IMED R K
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Parthenogenetic activation of egg by strontium in starfish, Asterina pectinifera
— a study focused on mitotic apparatus —
Hiroaki Tosuji
Department of Chemistry and Bioscience, Graduate School of Science and Engineering, Kagoshima

University, Korimoto, Kagoshima, 890-0065 Japan

Abstract

Strontium is known to induce intracellular Ca®" increase in mammalian oocytes. It has been
used to induce parthenogenesis. The effect of strontium on egg activation in starfish was examined. The
egg activation with the fertilization membrane elevation was induced when it was microinjected into
the matured egg after the protrusion of the second polar body. Immediately after injection of strontium
into the egg, an increase in intracellular Ca®* was observed. It is conceivable that the source of Ca®" is
intracellular as the extracellular Ca’" was unnecessary. The activated egg had two asters and two
centrosomes. The nuclear phase was haploid. The egg activation with Ca®" increase and the following

duplicating cycle of mitotic apparatus are discussed.
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