1024 -« %224 Acta Pharmaceutica Sinica 2022, 57(4): 1024 -1030

ST RARE B TER RIEANHTR

ANt ETwE, WAEL O, BTE, KON, THEEY

(1. BRPERH K22 R, B P42 710021; 2. F BN RMRICE 25 22 22 55 R 2E 2545, Bkt 1622 710027)

THE: (228 M TU TR B 00 1 R A 3R N B0 T 2645 L F A I PR 09— OB MR . T BRT I 2 1 1 o B 3k — 25 3 3L
VRTTAMERE o DRIk, FF R T BT T B 2 R A R M R D SR 22— o R A A ) 50 e R DR R R 45
BB T, AR LE T T A T D o AT T 4R BT A O % 100 AN G540 2 R 1B e 2R o F kR B P R
WGP, I 12 M G Y RIS R BE A B s 1, o S BIROR G52 B 3R (5-Ttw) IS G PEBLIR (/NI
WRFESE N 2~4 pg-mL ™). [FIRS, NG M 9256 & BLZ AL & 038 BAT R4 I A8 B S DTAE 0 I A 3 ) 3 22 % Bk
s . VB R ML 78 7, S-Tew nl g 2 40 i 5§55 G2 i 20 AN A s 465 4, 38 I 4 e IE@ 8 1, 15 S A T DR kX
Hat— B0, HERIH MR A S & .

FHEIR): SR G AL A 3R PUEL T, A Pul B, Jm g 1 ) 790 4 P

FES S R966 XEFRIRED: A XEHRS: 0513-4870(2022)04-1024-07

Activities of S-iodotubercidin against pathogenic fungi and
its mode of actions
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Abstract: Invasive fungal infections are a tricky problem with high morbidity and mortality. The
emerging of drug resistance worsens this problem. Therefore, developing novel antifungal agents is an urgent
need to break these hurdles. Although protein kinase inhibitors have been extensively investigated in various
fields such as cancer, diabetes, rheumatosis and so on, they are less explored in fungal infection. Previously, we
found 12 protein kinase inhibitors with different antifungal activities, among them 5-iodotubercidin (5-Itu) was
found to be the most potent antifungal agent with minimal inhibitory concentrations ranging from 2 to 4 ug-mL".
Moreover, 5-Itu displayed potent fungicidal effect, inhibition of hyphal formation and anti-biofilm activity. The
mechanistic studies indicated that 5-Itu changed membrane sterol compositions and ultrastructures, increased the
cell membrane permeability and induced apoptosis. Therefore, it needs to further study 5-Itu for the discovery of
promising antifungal lead compounds.
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P BRI A L RS EREY H AT IR b Tk B
PUR TS E IR G IP KA IR, T2 N 2 )@ K p it
7% B, = M2 U 45 BE M (fluconazole, FCZ). 7t il B
e AR T REE, R B R SR RAA S BT e 2 oK R
SRiAE . JF HE A A7 A anE BIAE R ANV E R ) 45
ZIRRAE S Gy e AR T 2 I A R, ARG TR H e
RGLHIE T ML o I LR BT H I H 25 IF AR I
IRGZAS, P L 24 300 5 000 R 30, A PR mT e 36 1 Bt L
B2 A B . Rk, TR a5 M8 8 AEH T
T RV I TR 2 2 R I PR 3 R RS G TR T HE R
HERIEZ

Wi £ O AE % S i AR B AR R
B, A 2 4 G BRI AR 2 S5 A K
KEGMVE AR . Jagiit, H AT AL FE I R B 5T B0 1%
2y, 29 20%~30% IR 245 R B O S R
R R B 1 VR SIS A 1) ) Jie R R R s T R e 45 40
Sl e )z W AT, AR U4 R R G 7 TR AT VE 2 T
FUARTE, {HAE 5T G U AT s b o 0 R
J& T HAZE), BBV 2t A 5 A AL 5]
VI MR AR AE S FE R ST o DRI F T FL3h Y 4 P
R T ) 7R AR AT AT RE O LT R I ) R e A
AEEINHIER . FFCHRIE, odRRR S PR & A s C
JOH 5 R A1 K LIk CoA A S i1 1) 71) 28 ok 5 AT
TR ) AR-12 % 25 11 ¥ 2 410 1 771) CX-4945 F1 K 3
F1 B0 T I UL -3 i ol 00 o) 77 4 R R W AT AR ) L R TR
JUUTEE AR RS 2 2 A 1 400 61 57 KP-372-1 VK R &5 B
B 3 3001 7 NP0O3 1112 F1 TDZD-8 %5 X6 fir 83 11975 Ji 5
B35 28 AL R B ) 0 ) 1, SR S T M A AT AT
Mo AN, BB O AR R S L3 Y 4 b AR
TEAHE, B A — € Z 5. W NI LI
M5 P B (1B 1 (phosphoinositide dependent protein
kinase 1, PDK1) J& — /N B A ML /N B IR 45 48 KN
556 M FEMR I B H, B AR H 2 Bk I 1 R E & A Pkhl
Fe— KN 944 AN FERAE AT L /N AR ] U5 45 1) 42k
B, HoP9 A e s PR A AT TE 50% PR AR LR
Ik, AHI 5T M 3L 20 P 4 B 2 1 e A o ) SR A
APARIE RS SHE Y, LR IAE T3 5
PR S BV EURIE 259 .

A SR a4 T O SR A R N gy T
eGP EE, Fhik 7 100 A~ 4544 2 K 1) i L 3h 47 41 i 2
FBUE 2 N o a5, RELA 12 e a R
TR R E A, o SRR SRR
(5-iodotubercidin, 5-Ttu, £k % &5 ¥ WL 1) 1 BT A 0 0%
PEELE o 5-Ttu 9T V2 RO 1) 71, DG JHExof i i g
S VR f o o 5-Ttu FA 22 Fh 25 BG4, o ml aE it 4

il JEA 2 R 20 PRLAF 5% 2R 1 1 IR 3R L B AR I Ml R R K
ST R ) 1 2 R 4 P JRE 48 B 1A DA g B AN
M 1) 21 55 (1 13 B R A6 B8 Haspin 3 7 (19 77 302
M) JV 6 200 L %) R R A 3 ok 0 o) R R
RN TG A 5 G B R R AL L B 0 B O B R 2 P
HME 5 VR 7T T Bl IR A T R HE ) R R R A A
IS ps3, HAR YA N DNA 5] DNA B % &
FE A P BU 988 3 2 3 e ] 2 T A B A R A B 1
T R HE A 1) A o 2 R ] 5 e PO A R A0 AR
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Figure 1 Chemical structure of 5-iodotubercidin (5-Itu)

MRIERE
SEIEM 25 SR 103 A& ERE SC5314.

SO R TP R BRI R BR T A SR
FAERRERE (LT KIFERARRD.

IR FIAIEFE 12 MEEY (CAS 54 314:
24386-93-4. 742112-33-0. 950736-05-7- 1219168-18-9.
1356962-34-9.336113-53-2,307543-71-1.837422-57-8
1229582-33-5. 1228013-15-7. 110448-33-4 Fl1 1421227-
52-2, Aladdin 24 7); R M (Sigma A 7); F LR 4
e 402 FF I L 40 B O oA R B (R S R A
BORA R A]); s 4B (B AW TR A A RA
), AN B R AL e S SR A A (R T R ik
A R AR, A MK (b B R A EAR AR
AT o F]); A (R BT R A A SR A R A
l); 3-(N-T eI P % BR/MOPS (i 5 A= ) R B
H IR 1)); RPMI 1640 (Gibeo 24 7).

SDA “F-Hi (40 g H % 10 g S5 A RN =78 K &
1 000 mL #i ¥EE 8, N 18 g I E A TR 2, 121 °Crayii K
B 20 min, {8710 4 °CHEAE); YPD 55 750 (B BHZ B
10 g+ & [ R 20 g % 4 ¥ 20 g il =78 /K 2 1 000 mL,
5173 %6, 121 °C & s K B 20 min, 4 °C R 47); RPMI
1640 ¥ A& 55 7% 3 (RPMI 1640 10 g NaHCO, 2.0 g+
MOPS 34.5 g in =75 /K ¥ ##, H NaOH i pH % 7.0, fil
KA 1000 mL, BREA, 4 °CLRAT).



- 1026 - 22224 Acta Pharmaceutica Sinica 2022, 57(4): 1024 -1030

SIS EE  SW-CJ-JFD ik is TAE & (T % %%
B FARA R F)); THZ-98C BUHE IR %% #6 . GP-9080
BIRG K K 72 (Ll —ER AR A R A F); Wl
40 B A (3£ [E Beckman 2 F]); GC/MS (Thermo Fisher
A, BB (HAHSLAF),

MEREREE HLE & WK IR, RPMI
1640 35 77 3 i B 2 TH B IR E 2 2 1x10°~5%10° 1,
RS WU B 96 LR, BHE 1 5 FL N5 = RPMI 1640
VoA 8 5% A 2 At IR, 12 5 LA I 25 4 1 BE 4 X
BB X 2~11 S FLHHAT R LU R RE, fRAE - FLI 25 249K
FER RN 64.32.16.84.2.1.0.5.0.25.0.125 pg-mL" H.
FLH DMSO & EHME T 1%, 35 ClHERE T, T 24
8C 72 h AT WS040 BB /AN B (minimal
inhibit concentration, MIC). MIC {8 % Fic 5% J5 7% 24
MIC 18 & T 64 pgmL 2 8 “> 64 pg-mL"”; & T 8k
T BARKE RS 18 N “< 0.125 pg'mL"” . EIRSZER I
SPATHEAE IR, W %2 AT £3 MIC {H g A 2 5 sl H 2%
— AU BE A AT R S, RS R D B A
B, 75 J0) 2 %7 S0 B B BOE A5 A K.

FIE)-RERNZE LI PRI OBk e bR IR T
o O UCEE T K, PBS #i%, RPMI 1640 1% 77 L i %
R TR 2 13 10°A o K B 35, AN AR BE 1
WG, Pt 55 7%, AS RN 8] S HH B 9, FH PBS # B
AN TR PR FE, HUM 9 23 ol i 4 SDA PR, 35 °Cifr
Bt 48 ha, B AT CFUSLE «

EYMIESTI PO R SRR R B
OSEE T A&, PBS R4, RPMI 1640 £ 77 56 i 8 A =
BRRFE 22 1x10°4> . T & 100 pL i 96 FLAR, 37 °C
Zi B 90 min J&, PBS ¥ 3 ¥k, F BT i RPMI 1640 LA
KPR FRIE, 37 °CHE 97 24 h i, H XTT B
DU AE P ) B o S A AR A I ) RS - T R
BRRFE 2 1x10°4> . T & 100 pL i 96 FLAR, 37 °C
Fi b 90 min J&, PBS ¥t 3 /X, I H if PRMI 1640 £%
Frk, 37 °CH: 9% 24 h =, 5 F PBS ¥k 3 Ik, I A H
PRMI 1640 DA K 75 251 55 77 2%, B XTT G 8 84 ik

PEVIBI I &
BEIZ AR BRI A BRI v R R B

0% BiE, PBS i3 k. HIE5 7725 RPMI 1640 + 10%
FBS # &, B 2T &KW E N 1x10°4, L1 mL T
6 fLR, INZGIR 24T, 37 °CHr B RE 3%, T3 h L 1E .
YHAEBRIEIE M SRS PREC A SR o R R
. B b, PBSYE3 K. MEEZTHIKE N
1x107/>, I 10 pmol- L™ 45 35 43 3 £ 42k I8 (calcein
AM) W F 2 h. PBSJE L3 WK, A2 IR E N
1x10°4, JN24 5-Ttu (4 A1 8 pg-mL™") BRAINZ45 0% 5 3 h.

PBS & ¥ 3 ¥k, Uit 2UAH SR

HREAT RN PO A SR R IR . T
FE 1R BA 12100 L3 7 22 37 e 1Y) YPD R 37 05 [0 & 245 5%
FrHEH, 35 °C.200 rmin ¥ 7%, B0UEE, PBSTEBE, N
NI 2ERE 37 °CHEE 1 h, 85025 13, PBSIE L, 14 1E 40
J 3 TR S B R, R, b A ks I

EHBEESLE P SRR SO T YPD H
IR, O B LA 10100 L 3 7 22 100 mL T 5 1)
YPD 55773 o & Zi K5 72, 35 °C.200 rmin §5 77 &
B AL T B K, 20 I EE, PBS A TR, IR TR DT,
TR 2.5% 1 i & 52 VB T 4 °COKAR, 3k, N 1% 5
i o] 7, VR, MR RE MK, G, D) R, R R R RO I R
B, 37 S A R AR

GC/MS ¥ M MBEE EEE R 7 PRI & Bk R v
BER e . PRI LA 12100 HLAl 36 4% 2 3 68 YPD
By ) oy 2 g HE v, 35 °CL 200 rmin BE 3%, B0
R, PBS G, £ LIl RS H IR E £ 0.5 g, il PBS
2.5 mL FUHT P ) A 2 A6 (7 15% NaOH 1 90% &
7% W) 6 mL, #8721, 80 °C/K IR 24K 60 min. A7 i
fit (A2 30~60 °C) 6 mL $#EHL 3 Ik, & FFHEHGR, K
6 mL ik, 3¢ 25K 2, BEZ T 60 °C/KIBHET, 15K 2
eI, INER SRR 1 mL-g " ¥, -20 °CHRAT
IEFEGC/MS AT o A 43 BT 25 R 2R, | mL'min™;
JiE, 2 F-J8 El, 250 °C; i & VUl m/z 41~500; B F¢
R, 250 °C; A& 4285 %, 250 °C; HEFEARRN, 1 uL;
FEIR I E], 3 min; FHEFER: 100~300 °C, 30 °C-min'.

FirFEHE TEERUE £ BEZE x+s)
T, AN A Ak B2 1) bR T B IR R O E b
(one-way ANOVA), P < 0.05 KR Z7H G it 5 Lo

ER
1 R2MEYRMEREM

W PR, Y15 ik ] 12 Me A5t 25 A&
PR B 103 AR 2 2R B SC5314 2 R PR [H FE 1
04810 9 1, R S-Tew 6 3 796 R 3 0 4 A A
MIC{HJEFEI N 2~4 pg'mL"'.
2 S5-Ituxf ZIMERTIIEE M

W2 frR, 5-Ttu X 2 Fh LT (R AR B0 & BR 1A
SC5314. i 245 (1 BR 103 HGH S ERTE 61 & Bk
TSP S R B e S R R RURT AR R R TR 1 MICs Y
Bl 2~4 ngmL™", P 5-Ttu AR e T B
3 S5-It BEREEREM

W2 AR, 2 ugmL! S-IuEF EE 24 h 5, 5
T EHAML, f£E P EEBR D T 4.57%x10° CFU'mL ™",
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Table 1

compounds against fungi

Minimal inhibitory concentrations (MICs) of 12

MIC/ug-mL"
CAS 103_SC5314 Terget
24386-93-4 2 4 Adenosine kinase
742112-33-0 8 8  3-Phosphoinositide-dependent
protein kinase-1
950736-05-7 8 16 ~ B-rapidly accelerated fibrosarcoma
kinase
1219168-18-9 16 16 Adenosine 5'-monophosphate-
activated protein kinase
1356962-34-9 16 32 Anaplastic lymphoma kinase
336113-53-2 32 16  Kinesin spindle protein
307543-71-1 32 64 Inositol-requiring enzyme 1
837422-57-8 64 32 Lymphocyte specific kinase
1229582-33-5 64 32 Mixed lineage kinase
1228013-15-7 64 64  DNA-dependent protein kinase,
mammalian target of rapamycin
110448-33-4 64 64 Myosin light chain kinase
1421227-52-2 64 >64  Erb3 binding protein-1

Fluconazole (FCZ) > 64 0.5  Sterol 14a-demethylase

Table 2 MICs of 5-Itu against different fungi

. MIC/pg-mL"

Fungi FCZ 5.1t
FCZ-resistant C. albicans 103 > 64 2-4
C. albicans SC5314 0.5-1 2-4
C. neoformans 1 2-4
C. krusei > 64 4
C. parapsilosis 2 4
C. glabrata > 64 4
C. tropicalis > 64 4

-e- Control
= FCZ (1 pgmL")
= 5.Jtu(2 pg'mL)
10.00q —* 5-Itu(4 pgmL™)
-~ 5.0tu(8 pgmLY)
_ 8004
&9
£ 6.00
E [
O 4.004
en,
2.00
0.00 — T
0 6 12 18 24 30 36 42 48

Time /h
Figure 2 Time killing curves of C. albicans SC5314 treated with
or without different concentrations of 5-Itu or FCZ. Aliquots were
obtained at the indicated time points and serially dilutions were
spread on SDA plates. After 48 h of incubation at 35 °C, the colony

was counted

4pgmL’' S-IufEHEE 48 h G, 5 AAHM L, 7715
) Bk 2> 7 2.51%x10° CFU'mL". 8 pg-mL™" 5-Itu {f
FEF 4 h 5, FFIEHEECN 0. X 45 R UL 5-Tu B
AEAIEMH .
4 5-Itu BB B2 HDHI B TRE £ 4 R, 1R
1 R R AR

W 3 f7R, 2~16 pg-mL™" 5-Ttu 3 B8 5 2% b 30 41

A BR B AE DB I I T A (P < 0.05), H S22 B9 B A 6t
Mo S-ItufEIRE N 4.8 F116 ug-mL ' B, B BEHT B 45
FRCEAE RGP < 0.05), 45145 26 533l 4 33.4%+.60.0%
H170.5%
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Figure 3  Effects of 5-Itu on biofilm formation and mature biofilms
of C. albicans in vitro. A: Effects of different concentrations of
5-Itu (2, 4, 8 and 16 pg-mL™") on biofilm formation of C. albicans;
B: Effects of different concentrations of 5-Itu (2, 4, 8 and 16 pg-mL™")
on mature biofilms of C. albicans. Biofilm cells were tested by the
XTT reduction assay, and the biofilms were evaluated by the
percentage of viable cells treated with different drugs relative to

the control. n =3, X+ 5. "P<0.05, "P<0.01 vs control

5 S-ItuBEBHIGI B RHRBE R LA K

WE 4 s, 2.4 F18 pg-mL™" 5-Ttu /F H (& Bk 1E
3 hJaE, BRI A H B (B 22, (R A TR SR
FEREAS . 45 LA 5-Teu BEAI I 2 2R BR 1 22 1R T o

=

5-Itu (2 pg'mL?)

5-Itu (8 ug'mL™)

5-Itu (4 pg'mL™")

Figure 4 Inhibitory activity of different concentrations of 5-Itu

on hyphal formation of C. albicans SC5314. Representative photo-
micrographs of C. albicans SC5314 treated with or without different
concentrations of 5-Itu or FCZ for 3 h at 37 °C. Magnification:
400x%. Scale bar = 50 um

6 S-Itu B2 15 B Z 18N B S TR E A A AR A0 IR 1%

W5 s, 4 818 pg-mL™! 5-Itu /(122K 3 h
Jo, FBE AR N A sk R PO E S A A b, B
AR (P < 0.05), $i B 5-Ttu BESE I 05 Bk B 40 1 15 0
B



1028 - 22224 Acta Pharmaceutica Sinica 2022, 57(4): 1024 -1030

A B
] 2 150000
. E
573
] E 2100000 N
E 8= *
E £°5 *
] 2.2 50000
Qo
] 52
TTT T T T T T T T IIII'ITI = 0 A N N N
100 10° 10° 104 10° 10° 1072 & ¢ ‘ .
& & &
FITC-A-A & & ¢
O Control B FCZ (1 pgrmL?! ) Q< X &
5 . PSS
B5-0tu (4 pgml! ) m5-Ita (8 pgrmL! ) < & X

Figure 5 Effects of 5-Itu on cell membrane permeability of C.
albicans was evaluated by the cellular fluorescence intensities of
calcein. A: Flow cytometry histograms of C. albicans treated with
or without 5-Itu or FCZ; B: The cellular fluorescence intensities of
calcein in C. albicans treated with or without 5-Itu or FCZ. n = 3,

X+s."P<0.05 vs control

7 5-ItugEBIESASHKEAT

Annexin V& — 45 & RIS G A, 7T
29 6 91 T B S 4 B A7 10 O T 2 SR A5 S, AT
o I 2H L T . A6 B, 4 F1 8 pgrmL 5-Ttu 1 H
FI & Bk 5, Annexin V FHPE R 40 A B = T E
4 (P <0.05), $&7R 5-1tu A 5 BRI R B T2

= 80
i ok
To’ 60 ok
o
=
‘§ 40
[=9 kk
>
Z 20
=
Q
5 0
S N N N
& v v
8 & g
N & N
q/\\ @Q &
& 8 6,\0’

Figure 6 The percentage of Annexin V-positive cells of C. albicans
treated with 5-Ttu (4 and 8 pg-mL™") was evaluated. n = 3, X + s.
“P <0.01 vs control

8 S-Itu BT R RTRE M AMEBHHLEN

W7 iR, 4 pgml! S-iuER A& HKE G, 5
7 2 L, 050 T 20 IR P 4 i 5 R B R T B, O L
21T B FEE 5 4 P B 2 T) EH B 53 B, TR AR AE R 4 N A,
2 i B8 1) 8 B 5T 7 Tn) R AR R A B . 45 SRR R, 5-Ttu

R REAR T A BR T A R A B P A B A
9 5-ItuBEBNEAHE MR EEZR

BT HASE BT oK, S-Ttu 68 9% 55 25 38 In 41 i 15 17 i i
P 7 5 F A 8% % B 5-Ttu AE 0 451405 11 8 B 1 1 48
J . PRk, #E— 25 F GC/MS % %2 1 5-Ttu i 4 Jit fiE
SRR R . SR 3 iR, B E A A

Control =

Figure 7 The effect of 5-Itu on the cell ultrastructures of C. albi-
cans by transmission electron microscopy. Magnification: 15 000x,
30 000x, 80 000%

(ergosterol) ] F1 73 L 7% & 4 87.2%, A& fix = 1 I
A3 o BE S HE 24 R e a2 B S 8- 140-
25 LA i A o 22 A S TR G ) LI 22 A B 40

B N1.7%, M 2EE 8 EE (lanosterol) F1HAth &
14a- H 3 /1) 8 B 5% 43 40 obtusifoliol s eburicol « lanost-
8-en-3-ol Fl 144 -methyl-5a -ergosta-8,24(28)-dien-3a -
ol KA RI . S-IuHM 2 M EEH 5 S &R
N 35.6%, Ho At & B B 4 W ergosta-3,5,7,22-tetraene
3a,5-cyclo-5a-ergosta-6, 8(14),22-triene 1 =F T {f§ B 17
SUEEYmTEAH. R UM, 5-TItu 7] LI 4
M B P 55 T 8 o

Table 3 The mean percentage of sterol compositions (%) of C.
albicans SC5314 following FCZ or 5-Itu treatment, as analyzed by
GC/MS. “ND: Not detected

FCZ 5-Itu
Sterol Control N 0
(I pgml”) (4pgml7)

Ergosterol 87.2 1.7 35.6
Ergosta-3,5,7,22-tetraene 0.2 ND/ND* 15.5
3a,5-Cyclo-5a-ergosta- 1.8 ND/ND 40.4
6,8(14),22-triene
Cholesta-8,24-dien-3-o0l 0.9 ND/ND 0.4
(3'a,5'a)-(zymosterol)
Ergosta-7,22-dien-3-ol 1.2 ND/ND ND
Lanosterol 1.1 8.0 43
Obtusifoliol ND/ND 214 ND
14a-Methyl-5a-ergosta- ND/ND 15.3 ND
8,24(28)-dien-3a-ol
Eburicol ND/ND 16.4 ND
Lanost-8-en-3-ol ND/ND 31.5 ND
Unknown 7.6 5.8 3.9

g

AHE T AN [ B J5 0P 1 5-Ttu 0 3 (35 1,
25 B 5-Tew X 25 Fob 2 Bk TR SR TR A A R BR R 2
ROUBLF I AR L, X B2 B 00 R IR B 1k
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I H., 5-Ttu BB 0% 2. 25 Hb 300 1) A= 40 4 165 R B8 22 1) T B
FE BB AR . W1 IR AE LS 7T R
7, 5-Ttu A6 % . 25 b 3G 0 20 i J5E P 852 1, 490475 4 e
IR 24 L PAY )R TR 225 4, SO A R D S B s 7, 5 =
MM,

A I SRR AR N A A R AE AR G
KT E S IRE RS VR SR R —F H
P REAS B 22725 A TR 22 765 4 A0 B 471 68 Joi 2 b P 350
gk, R Hw E VAN 25 VE T M N . SR
B AR WA I ) T 1 5 P B AN BT 22 8 20 i ) R B AR AE
FEY) KRR, TN BR/E A BB A (cyclic adenosine
monophosphate/protein kinase A, cAMP/PKA) 15 = il
PR PEN . AT TR I S-Tea BT PU I ER B AR B
JEL R 1, RIS B AR B 2T A S . eAh, SOk
18 5-Ttu HE 0% 38 o 175 T 40 P 40 00 R 2% 46 T P AIC
N cAMP [ 8. T PR cAMP 55 50 A 1) 4 T
PR DI R, i — 0 7 0F 7L 5-Tea LR
PR EAE 2T 5 cAMP 5 S5 10 B AR G

S B AL A PR S 1) B A R . SV ALY
A () P A, L T o R e 3 S ) S I R 5 A
ST . MR I R IT R 28 1 B IR — 22y
Y. B A 22 A KRS R ) S R -
14a-2% HYEE AR It 17 BEL 0BT =F 6 S 9% 1) 14a-25 FHERAR, M
M3 B =F 6 S R L 2 R 1) =6 6 S B 2R AL 1) SRR A
A SRR . AT, ROFEAE AR
B JE AR M S R A S R R E D, F RS
W R At 5 A 1400~ F 2K 1) 8 B 12 43 G obtusifoliol |
eburicol. lanost-8-en-3-ol il 14a-methyl-5a-ergosta-8,24
(28)-dien-3a-ol ¥ K A= B, iX 5 SCHR # 18 45 2R A
BRI, 5 Teu £ FH S P9 1 0 2R 1 400 B R 52 A 654 B 1
k& ERASTSOAMIBEHE FTRE, HE TR
MM . IF H, 5 RURMEA R )2, 5-TItu 518 1
2 Bk B 41 B I 30, 5-cyclo-5a-ergosta-6,8(14),22-
triene fll ergosta-3,5,7,22-tetraene P ™ & B Bl 43 1) 2
L, 8 TR X AN S B 2 53 5 2 A S I 25 A AT L
B ORIVEAIEA T 3R BRI T IX AN
S RE PR3 AR DL SCHRARGE o A 5T R I 5-Ttw AT DA K
2 240 i B B P R, AEL S R R MR FHATL A AN [, 5-Ttu
AI e I A T 22 A S G BB R v ) IR AR S
Wi 57 ffp B8 B2 R oy B, B R Re ELREAE F T A R
17 FL A R 1A SR, AT 453475 4 B R PR ER T 4 4, 5 kS
2 B B3 5 1 P 5, XA Ry R R B A

2% bR, 5-Ttu Xof 2% P BB SR 00 L R4 R 40 )
ZRAWAEH . FFH, 5-Ttu B8 0% 5 25 H 0 1) A= 4 1 JE
TR 22 1) TV Ji, B A0 A A D . Pt AR

FIBLHI AT e 55 S 40 BB S A 5% . AR SRR AL RN
PP L S S AR RG2S % .

YE& TRk XU E 0 ER AR (5L R 20 L Rk
BT 58 A SCH S 56 0 A AR AR B S0 4 BT S SR
1L 46 T Se e v h AR 2, RO

FUERSE: A LRI IC A B TAR TR 2 R
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