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Mtk % EEREE K EEIREIXS Hela 20 A a A0%{E

Bh FTx FTI LEE
PUIL MBI R Be B MKk 712100

H E:(HF] RAAFRETEZNARTR, 2L NAF) R eFr EAstsy. [Be] X2
EFI R EH) AR RAE AR, IR 4R E 8RR YT B 38 HelamfegdnslE. (7] 446
234542 IDNA ITS 4= B-Tubulin /5 21 5473t 4 bk R A A #ATA K57, KA v P A48 Rk 2
[3-(4,5-Dimethyl-2-Thiazolyl)-2,5-Diphenyl-2-H-Tetrazolium Bromide, MTT] & &4 €169 H 4 B2
FHM-1. M-2. M-3. M-A)Fok B & B3R M(F-1. F-2. F-3. F-A)xt Hela tafesgsa eq4p4)iE b, it
—F AR gm R A 5 ILE A A R 0 AR A ) PIT  AE  RSR e BRI e . [ R 14
KF, HHR IS AR LS ¥ 4 IRk AR R Fe(Isaria cateniannulata), B4k HLS A= HLS2 34 4 % & Jo.(Isaria
farinosa); MTT %34 R B 7 8B 42T Hela tait3g 74 A — 2 e 4p #IVE A, do L 4 B3 dhfe
BB B 37 RIAE R KD HEF 3 A e RI0 HLSSEREEH R 36 LSSk k76 HLS2> 3R etk &
Ja 1S, HP, BRI HLS 69K BER B2 R4 F-3 69474 7% M 3% (P<0.001), %3 24 h /& H 1Cs 1
# 0.667 8 mg/mL, oAt 7 FFEZIR M4 1ICso B3 KT 1 mg/mL; e 5 FAK L+ F-3 £ 0
18] 24 hBF, *F Hela fmfe A K a3 5|V R A R E 6938 hndm K, st E% 40 fe BHK-21 AUR $24%
0y AR AX @IS LI F-3 Ti5F Helatm A=, SR KE A 1.0mgmL &, @ied
BT HETiLE] 32.45%. [46]) 4 E T Helamiesg i ey s e A G E £ R E 257, XTHh 44k
H eI kR F EFHEA L KR T RIe HLSH# A 649 % B B2 424 F-3 2t £% a6 BHK-21
0387 fo kK BB E P RIAE R, 23t Hela g% 0 iR 6h 35 78 Fo 2 K A7 4175 MR 5%, LA %5075 e
AR THER, BT A AR AR NE.

KR RAAH, LERRY, Helamie, #4l4EA
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Abstract: [Background] The entomogenous fungi were important resources from the nature, but few of
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them were found and utilized comparatively. [Objective] To identify four entomogenous fungi collected
from the field, and to explore the inhibitory effect of their ethanol extracts on Hela cells. [M ethods] Four
entomogenous fungi were identified by morphological characteristics, rDNA ITS and B-tubulin sequence
analysis. The inhibitory effect of ethanol extracts from mycelium (M-1, M-2, M-3, M-4) and ferment
liquid (F-1, F-2, F-3, F-4) on Hela cell proliferation were analyzed by MTT assay. The inhibitory activity
of the ethanol extract with the strongest inhibitory effect was detected by cell morphological observation
and flow cytometry. [Results] After identification, strains IS and LS are Isaria catenianulata, strains HLS
and HLS2 are Isaria farinose. The results of MTT showed that eight kinds of ethanol extracts inhibited the
proliferation of Hela cells to some extent, and the order of inhibitory effect of ethanol extracts from
mycelium and ferment liquid was lsaria farinosa HLS>lsaria catenianulata LS>Isaria farinosa
HLS2>Isaria catenianulata IS, of which F-3 had the strongest inhibitory activity (P<0.001), and its ICsg
value was 0.667 8 mg/mL after 24 hours of treatment, while the ICsy value of the other seven ethanol
extracts were higher than 1 mg/mL. The cell morphological observation showed that the inhibitory effect
of F-3 on Hela cell growth increased with the increase of the concentration when Hela cells were treated
with F-3 for 24 h, however. F-3 has only slight toxic effect on BHK-21 cells; flow cytometry showed that
F-3 could induce apoptosis of Hela cells, and the total apoptosis rate could reach 32.45% when the
treatment concentration was 1.0 mg/mL. [Conclusion] The inhibitory effect of four entomogenous fungi
on Hela cell proliferation is significantly different, which may be related to the geographical origin and
host of four entomogenous fungi. F-3 ethanol extract from Isaria farinosa has no significant inhibitory
effect on the proliferation and growth of BHK-21 cells, but has the strongest inhibitory effect on Hela cells
proliferation and growth and has the effect of inducing tumor cells apoptosis, suggesting that it has the
further research value.

Keywords: entomogenous fungi, ethanol extract, Hela cells, inhibitory effect
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FRHEW. fERARRS, dH7JE (Cordyceps) H 14 &
—ARERE, AR REEREA 1000 &5, K
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B C6 ¢ 58 2 L 29 AR AT O A 8OR: , SX e 5T
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AR BCRESER A YRR, R A R AR A ELTE BT
A AFFZIA A . R, A8 S256 5k DL EF SRR
LR HT BorEaifey 4 dkdE B AR,
FIE S AR AR A 7 A W 05 P R S 40 T
YE, FFOFE R Y AR M S8 Hela 40 Y
TEPE, AT LEE 4 R AR SRR X e A 0 o 3
(25 5, O H SO0 S Pk R R A BER , R TEAT
A2 48 B LR R L FE AR DG PR A i RO 24
P R 40
1 #R5HE&
1.1 #H
111 X EkR KR A

4 PR HUE FUTR R BT AR SR AR ) BT by B Ak
AT B T PU IR AMBHE R E A ) PR A 27 B
B IR A W o U5 P S e = T R A L ARG L
1, NEIUmAIMEM Hela FIFL 6 5S40 bk
BHK-21 Hy P42 5238 R A B 2 e 4t
112 FZE0, ([ FEFE

1640 AiffukszREt . frd-MiE FBS, HyClone
3] B, Amresco 23 H] 5 4R AR YE ToAG IR &,
FWRERSREVEARARAA; HHER. BER.
—H LK (Dimethyl Sulfoxide, DMSO), BEM
[3-(4,5-Dimethyl-2-Thiazolyl)-2,5-Diphenyl-2-H-Tetra
Zolium Bromide, MTT] . 5-FJK M5 g (5-Fluorouracil ,

*1 i 4KBEEENER

Tablel Theinformation of four entomogenous fungi

EAE . BEAN. BER SR BE. 5%, A
Tk, [ 255 H AL 2R R BRA |5 514 i 7 2
BT DRN A BRA F A A o

B E O, B SRAGE DAL A B
INFL; R I REA AL, T A TR BRA
Al HFEIIETER, RILORAIE SR A BRA A
BEREZE KA WUEIIESE B | ARG TR, &
GG AEH TR RA R, CO 4R FRA
TIRAYETF R A R R, 2R Y,
Tecan /A~ w); fHI'E B AEE, Olympus /Al yi=an
M4, Beckman 23l .

SDAY/4 JiFid(glL): FERHZ Ik 2.5, #iZ
B 10.0, HEAM 2.5, HUR(EK) 20.0,
1.2 BEHESFEMNE

W B alifb 1 A RS DT SDAY /4 [ i85 57
FOFAA 200 mL B5FRH, SRIE R A SR
BF 15 °ClEEA LRI 4y Bk FE 30 d Al 60 d,
WL B RAE T ARRN RS S P B A KA AE , B dE TR
B WEE , MR, RIS I Rk
PEATRRA R HI4E, ST RRRUEL T B RUE A FRIE LR,
FEALHR ER A B 22 A R AFAE | P2 257 | 1
TR 27 (b E R 43 4% ) 0
H R R X A AR TR % o

5-Fu), JbutslE B RAEYEARARSUL AW ; H
H®

wkgis  FE Y RAEH 41753 7

Strain No. Host insect Species Collecting localities Latitude Longitude

IS W g 1 Isariaspp.  FHEE R N32°58'40.70" E97°02'26.13"
Hepialus spp. Y ushu city, Qinghai province

LS T -t Isariaspp.  PUJI44 SRl N29°30'25.89” E103°48'7.83"
Cicadella viridis Leshan city, Sichuan province

HLS TRIARY Isariaspp. B PE 4 2 B T A B e L N32°01'40.32" E109°22'8.75"
Cercopidae Hualong mountain, Pingli county, Ankang city,

Shaanxi province

HLS2 [5] s Isariaspp.  PBRPGA &R TR AT N31°54'51.10" E109°26'48.89"

Plataspidae Shangzhu town, Zhenping county, Ankang city,

Shaanxi province
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1.3 DNA $2EX. PCR /1 X5

¥ 4 PRIEEF T84 SDY/4 WA IR
500 mL #ERIHEH, AREHETEREIK 25 °C.
150 r/min 414 F 535 6-8d, FH 3 )2 i EE 2 A
TE IR ICEE DA 22 A, T FH TR D8 40K TR 22 A 3 THI 1Y
KA T, SRIGHBE Masoudi S5k iy 45
B RRS DNA. DIBREE) 4 BRI L2 DNA
YERHEA, RAS149) 1TSL (5-TCCGTAGGTGAAC
CTGCGG-3)#l ITS4 (5-TCCTCCGCTTATTGAT
ATGC-3)™ PCR 4% rDNA ITS 5[, R T12
(5-TAACAACTGCTGGGCCAAGGGTCAC-3)F1T22
(5-TCTGGATGTTGTTGGGAATCC-3)™ PCR #1i4
B-Tubulin &K PCR S AR (25 pL) : ddH,0 17.7 pL,
10xPCR Reaction Buffer 2.5 uL, dNTPs(2.5 mmol/L)
2.0 L, 1F J2 8 5]195(10 pmol/L)4% 0.5 uL, 0.1% BSA

0.3uL, TaqM#(5 U/uL) 0.5 ul, DNA itz 1.0 pL.
rDNA ITSE[H 1 PCR S i 4514 : 95 °C 5 min; 95 °C
30s, 60°C30s, 72°C1min, 35MFEH; 72°C
10 min, B-Tubulin JEFE ) PCR J i 45fF: 94 °C
30s; 94°C1min, 52°C30s, 72°C2min, 354
PEFR; 72 °C 10 min, Fl 1%BUIE WA PCR 3
ey, B DI aliAb Je R A 0 R P AR
PR PR 2 w0
14 FHILENFRELZE S

RIFRY 4 BRIEAY 1TS A1 B-Tubulin A4 F 1
BXFIG, T GenBank i#4 7 HL X FITMHF 41 S 5
JHTE GenBank it 22 N AN IMER = 1) rDNA
ITS 1 B-Tubulin J741], BCA PSR FAHIT RS
REER 2). UL E B E B Ophiocordyceps
sinensis Strain DCXC8 1E m4MiE, # 8 Masoudi

*k2 RATRERRZALESEIRE GenBank HHIEMKKRFINERS

Table2 Thestrainsand accession numbers' information of two genes from GenBank

Y B bR G 5 FEH 751 GenBank % 535
Species Strain No. GenBank accession No.

ITS B-tubulin
Isaria spp. IS MK975999 MK991777
Isaria spp. LS MK 976000 MK991778
Isaria spp. HLS MK 976001 MK 991779
Isaria spp. HLS2 MK976002 MK991780
Paecilomyces farinosus Strain RCEF673 AF368784 =
Isaria farinosa Strain J5 KC242660 KC242755
Isaria farinosa |solate HNDR8-2 KY 646428 =
Isaria fumosorosea Strain CHE-CNRCB 393 KT225594 KT225603
Isaria fumosorosea Strain ARSEF 2679 EU553330 =
Isaria javanica Voucher CHE-CNRCB 303 KM234212 KT225604
Isaria javanica Voucher CHE-CNRCB 305 KM234214 KT225605
Paecilomyces cateniobliquus Strain CBS 153.83 AY 624173 AY 624212
Ophiocordyceps sinensis Strain DCXC8 MF403011 =
Cordyceps pruinosa Strain ARSEF 5413 JIN049826 DQ522515
Cordyceps cicadae Strain GZU1205241 KJ173474 =
Cordyceps scarabaeicola Strain ARSEF 5689 JIN049827 DQ522496
Paecilomyces cateniannulatus Strain CBS 152.83 AY 624172 AY 624211
Paecilomyces cateniannulatus Strain GZUIFR-zy.7 EU363506 =
Isaria tenuipes Strain J2 KC242658 KC242753
Isaria tenuipes Strain OSC 111007 = DQ522513
Isaria cateniannulata Isolate 1YY C-02 MG345088 =
Isaria cateniannulata Isolate ILDS-03 MG345094 =

TE: = R

Note: —: Unknown
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s DA R 19 07 vk, SR e KL AR 1 (Maximum
Likelihood, ML)ME RS A B

1.5 BEiRYHl&

151 HWRkBEREE

KGR0 2K A R TR, MTT 0
FE AR PR R AR P ) B SR AN Hela i ig 1,
W (R R BE S5l . SDY /4 MR 5 0
25°C, 150 r/min 5 T35 10 d. 78 P SL 56 Je A
F, ¥ 4 BRI SRR SDY /4 WA B SRS
BTSRRI AMRESE, BiJS7E 8 000 r/min 5%
AR E.C 15 min B 2 ME R, FT 580
W A% o
152 HLERYH&

AR e W TR B A R vk, KR A T
22 60 °C Ht1, i H & 2 D Rk LK 0 i
22 W R AR, SR 5 ) 50 5 1 1Y 95% 2 s HLiR
24 h, FEXIBRPER 6 h bk — KB,
FREUINE 6 h IR, B8 Rk, B
FRPOELH @ IE . AHRERINRRIGE, &
1 0.09 MPa, 50 °C 4l & e 46 Fl 23 3 Uk T e
FRAFAS R PR RR 14 TR 22 B (% ).

153 %ABEREIRIE &

R i 3 1 S R A A 2 SR B g 4 5 0
R4 2 )2 11 om XU E YRR 4CHh g 3 G
AR, SRIGHSE K BN 25 & 2 — IR RS A s
Ve m=Vmux80%M A I H A 95%LBEM 1, 2K
FH R P Rl R ER B0 (150 W/40 kKHZ)EEH 2 h, S5k
A 4 °CUKAE#E 12 h, hIESER 2R, &
11 0.09 MPa, 50 °C [l & i 45 A L5 W VR T4 5
PR BT R PR 19 K B B 0 (R 3)o IRIEE,

®3 8 MEHEMIEIR
Table3 Eight ethanol extracts abbreviation

Bk IS LS HLS HLS2
Strain No.

B Ry M-1 M-2 M-3 M4
Mycelium ethanol extract

R R AR ) F-1 F-2 F-3 F-4

Ferment liquid ethanol extract

T HEBR RS FR I AR IS 22 5%, RIRES IR 3R 1) Jr
B AR RS ARG SDY /4 5535 R B4R LY .
R T O E SCHHEIR R i A8 1 4 TR 22 B P A
A T R BB ) 4 Sl i 44 (% 3)o
16 BIEYXMETEMAM Hela FIEE 0
BHK-21 &5 R #1HI{ER
1.6.1 mpEIESE

W E SR AN Hela Azl BB 408 BHK-21
RS 10%062F 107 . 100 pg/mL HE % .
50 pg/mL #5520 1640 #5350, BT 37 °C,
5% CO, LA S A AN BE RG24/ NG 3%, AR5 92
() B AT RN B A A KRS AR 1-2 d ik
—IR, YA % 80%—90%H i 1:3 HEA AL 4R,
TRIA: AR 2 BT 498 7 A 4 o 5 S 1 ek
X B AN B A TS
162 MTT X

K JHMTT w1210 5 e 8 Fhm il e
FUHANA Hela 51 . & 700 Hela 21 i 2% i R 4
H 1x10°ANmL, PLAfL 200 pL 4 B4R T
96 fLHR . 73 b, 7 96 FL AR A1 FEl— &l 4 FL A 200 pL
JCI# PBS, E T 37°C. 5% CO,. MM T 153
24 h, TFAMINGREES , WFEIHER TR, BALmA
200 pL At 557 Lo il iy 0.2, 0.4, 0.6, 0.8
1 1.0 mg/mL & BRI EE Y, TR E
5 ANEAE, [AIA B A PO IR (A L) R 5 24
Y35 IR B B X PR ZH (0 mg/mL) . 4kZE1555E 24 h
i, WAL, BALIMA MTT (5 mg/mL) 20 L,
YRS 4 h JEWRRR MTT, FfLEGIA 150 pL
DMSO, 7 37°C. 120r/min &4 F &% 15 min,
L2 W 0 PR BBt e A i PR B A SC 5E AE LA
Z KR 630 nm, KK 570 nm &5 T A
FLIIR G RE (OD fH), 15 A0y M4 il R Ak 45
A (1ICs0), SEHHARZ 3 WK, [RIA, % & A
¢ % 5% BL O ) Y 0.0.2.,0.4..0.6.,0.8 1 1.0 mg/mL
() SDY /4 35S I EE B AL 3 Hela 4l 24 h /EXT
B, DIHEBRBAA S R B AR I 25 5%, S E R 31K,
FAANTR 28 208045 40 B2 B9 200 R 335 41 ) 3%
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21 0 355 P 1 2K (%) =[ 1—-(OD s5mn—OD s 1511 )/
(OD mpexsaz—OD 5 prasaan )] X100,

X GraphPad Prism 7.0 #4344 | Coo {8 i
DA b MTT SE5e i35 o 490 4 1 fe ik ) B4 4
F A TERL PR E] 48 h, AbHVKFE (0. 0.025. 0.05.
0.1. 0.2, 04, 06, 0.8, 1.0 mg/mL)&MHT, 4k
SLIE e MTT S g Ffr i e 400 iV P e i 9 e £
Y E SR AN Hela F1IE # 41 i BHK-21 3458 F1
AR, [FET A E B 259 50K W5 E (5-Fu)
YRR AR, SR 31K,

1.7 HHRERSFE SR

B4 F 3 Bk KRG Hela #1 BHK-21 2 gk
FIk, WAL AME, 24 TE 3.5 cm 4
Mok, ARIATA 2 mL 400, 40 2
g Ax10° AN/, IWiRE 24 h S FEIAEFR 0L, AL
BIA 2mL 5 0. 0.5F1 1.0 mg/mL 7E MTT =256+
I ) A A e i A B, Ak 2 TR A
BEFR 24 h B35 SR LE T30 8 s N WS M & 4
MR
1.8 TR (AN 28 AR T

Wi Ab T xR K60 Hela 40 i DR B AL
il B B AN B, 4R 6 FLAR R, A FLAINA 2 mL
MM, AR R R E 1x10° AN, 37 °C k%
7% 24 h J5W s AR5, BALInA 2 mL 1 0.2,
0.6 F1 1.0 mg/mL I 1E ] s RO BESE ), [a) Iy
BN INZG ) 00 35 S AR Ry BIMEXS B0 mg/mL),
MBS 3 ANERE, MEE TR
24 h, RJEHAEEE I R 2 mL 08N, H
PBS YEAIL—IK, JIA 0.5 mL BREFH LA,
IR R E 2 RBWFT 0] LU IR T R AR, 1
vE R TS A . I AR YA MBS SR, AT AN
RZRAT R, #BE 2 mL .04, 1000xg
2.0 5 min, 3 E3F. A 1 mL PBS EEE4,
1 000xg &5.0> 5 min, # B, 7E@GE&MTR, &
HIA 500 pL 4 1xBinding Buffer, 48 J5 - A 5 uL
Annexin V-FITC fil 10 pL Pl #2521R5], iRk

BE 15 min, A& EHUSIIETH 300 HJE g Mt
U8, FEARTRAE 1 h YR XA AR 50 A AR TS
M. A CytExpert A4 750 2 #r o
19 FHitFESH

K SPSS 23.0 A X HE A T g v A,
BHE LY 4 47 7E 2% (Mean+SD) (n=3)%/1, M4
B HLACR At A5, Z41iE Ak One-Way
ANOVA ;56 , P {3/~ N P<0.05 (*) .P<0.01 (**).
P<0.001 (***), % GraphPad Prism 7.0 # {4 ik17
2K,

2 YR58
21 AKBEEREESELE

FFE IS A LSTEF-He | 15 °C K537 30 d, H%
H1% 50-55 mm, WHIEIEHPCN A, Bk, 9E
R, WETEYAAE0E 1A, 1B, 1E, 1F); W%
Yiorhe, BW, O, 9 05-1.2 pm; s34
(10.0-14.0) pmx(1.5-2.0) um, H FFEAAHH 2-4 M
FELH R e A AR A, RSB R SRR A
AR R B LA AER, (7.0-10.0) umx(1.2-3.0) pm
(B U, 13); S, e, MRESGnek
JE, (2.0-5.0) pmx(1.5-2.0) um, ‘% HEF L& FOMR
R R AE IR (B IM-1Q); 1EREFRI I K
K3t % 60d, WMk LS ™A@, witk 1S
KILAMR (K 2A, 2B, 2E. 2F),

PR HLS fil HLS2 76 ¥4 | 15 °C K53 30d,
P75 HL A% 45-60 mm, FRsiglER, HERE A,
NG AE, FHEEAE 1C, 1D, 1G. 1H); w#
25y 0, S 0.6-2.7 pum; AR, A
43k, (50.0-100.0) umx(1.1-2.5) um, H FEAEAH
2-4 MBS FE A AR, RSB R HAG (R T Rs
K, FEEESIRANK, (5.0-15.0) umx(1.4-2.5) um,
HKLY 1.8 um (K 1K | 1L); 34 A1&EW], S,
KWGEIE 25, WAIREIE, (1.8-3.0) pmx
(1.0-2.2) pm (B 1R-1T); 7ERFMPERKEER R
60d, Pk HLS Fl HLS2 277 A 1R B {0 (Y ffL A o
O REAT LR 1 4 A A (18 2C. 2D 2G. 2H).
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Figure1l The characteristics and microscopic features of
four entomogenous fungi

TE: A-D: BYSIET; E-H: WK H W I-L: 745 ; M-T.
filFIEA . $rR=10 um

Notee. A-D: Front colony; E-H: Reverse colony; I-L:
Conidiogenous structures; M—T: Conidias morphology. Bars=10 pm

2 AMRHEEEEFRPORESHEHE

Figure 2 The characteristics of four entomogenous fungi
in culture bottles

H: A, E: ISTHkk; B, F: LSTHFk; C. G: HLSHi%k; D.
H: HLS2 ik

Note: A, E: IS strain; B, F: LS strain; C, G: HLS strain; D, H:
HLS2 strain

R4 DL B2 MR R, 2% (PEER
A 4348 )Y, WA M kR 1S LS 2l B
i ffi[1saria cateniannulata (Z.Q. Liang) Samson
and Hywel-Jones], Fkk HLS Fil HLS2 34 Jy ks ot
fli[Isaria farinosa (Holmsk.) Fries] .

22 WMEERGZAEDH

AT ARSFEXT 4 fRdUE BT TR
SR, bl A rDNA ITS F1 B-Tubulin
PO RS kB W FAEY R EE . TE
GenBank T~ ZAHRI: # m 1) rDNA I TS FI B-Tubulin
JEHFFEE ML R LB B 345 8RN, Wik
ISHI LS5 HAth A 244 s 48 (1 saria cateniannul ata)
B P55 UL T 75 (Paecilomyces cateniannulatus) 2 4
1E— k% |, Bootstrap ik 92%, H @tk
IS, Isaria cateniannulata isolate ILDS-03 F1 2 ff
Paecilomyces cateniannulatus % 25 76—~/ 52
|-, Bootstrap fH} 92%, Witk LS fil Isaria
cateniannulata isolate 1YY C-02 B 1E 5 —/ N33
I, Bootstrap {E4 98%; itk HLS Fil HLS2 5k
Hi B4l (Isaria farinosa) =X #; #U 7 %% (Paecilomyces
farinosus) R4 7E— kb 32 |, Bootstrap {E A%
T 100%, XRIIEANHERG LR FAEwEE. 7
SME B 2RI, ISR B R PR BE AR A 17 [
PS40, BT 35 A L 1 [ o 57 4 11324
I, 275 UL BB R o1 AE ) S e 45
i E B RE IS R LS ¥k PR BE B R [Isaria
cateniannulata (Z.Q. Liang) Samson and
Hywel-Jones], H#k HLS il HLS2 X5 M KiiE o7t
[Isaria farinosa (Holmsk.) Fries].
2.3 8 MEEYIN EHEMAM Hela HBIERYNE]
EFR LR

MTT SEE45 ] s, 0.2, 0.4, 0.6, 0.8l
1.0 mo/mL B & 22 AR YA R IR AL PR Hela
0 24 h )5, BRI Hela 41 5E A —
FERAMEIVER, ABAS BERY) Z A AE I 2 25 Sk

WK 4 R, 4 M 22 YI(M-1.M-2, M-3,
M-4)%f Hela 21 i34 34 A M HER . 29991 H
24N )5, TE—E LB EEYE FIN , 45 A 2241y
A Hela 403G FE A, 17 H 52— VR FE AR
bk MACFRMRE 5% 1.0 mg/mL BF, M-1, M-2,
M-3. M-4 Xf Hela 4 /it A4 4 %5351 30.39% .
28.12%. 35.29%. 27.91%.
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Figure3 Themaximum likelihood phylogenetic tree based on rDNA ITS and g-tubulin sequences
e 338 EEUE SRR Bootstrap fE; #7X 0.02 RIR T4 22 T 43 SR BE

Note: Numbers at the nodes are the bootstrap value; Bar 0.02 represents sequence divergence
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Figure 4 Comparison of cell proliferation inhibitory
effect of M on Hela cells

WK 5 PR, 4 F R Bl Y (F-1. F-2 F-3,
F-4)%F Hela 40 iss s 346 PlfE A . 76— kb3
WL, BT 25 R R B v B i 4
LB Sz A, VR R s, R ik
FEAHME: . il F-3, MR FIVR S 0.8 mg/mL
IF, 4 3 ) SR L 50%; 4 Ah Bk B N

100
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5 HAEREAEGEIEY(F) SDY/4 155 iREEiR
%t Hela 2R ARETE 9051 B EE 4%

Figure 5 Comparison of cell proliferation inhibitory
effect of F and SDY/4 on Hela cells

1.0 mg/mL, ZEANHIRIRE] T 65.48%, 5XF A
F I, 1 0.2, 0.4, 0.6, 0.8 Fil 1.0 mg/mL ) SDY/4
B IR B Y A B Hela 40 24 h Ji, B3 B it
Hela 2 a3 7 JC B i Bkl AE /. Bk, SDY/4
SRR Hela 4H i3S 58 1) 52 i T L Z A
T, ATAHERR B SR B A IR 22 57
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KRB (F-1, F-2, F-3. F-4)4b3 Hela 41 f
24h 5, 1Cso i R/NIFRIM K : M-1>M-4>M-2>
M-3>F-1>F-4>F-2>F-3, 24l ¢ (1Csp {H) 2
KM YT bR, LEUE AL, KUY
IGPERRGE . AT, MAERIK B, HZRERY
PR /IR Sy b W oA HIL S> PR s o 4
LSSy B sl 7 HLS2>IR 4R st 1S, & v 4
Pyl B /NI [RIAE A by M R Al HL S>PA4%
PR LSS P ok 0 HL S2>3R SR R4 1S, AT I
Py H R A HL S A 224 90 M -3 71 & B T 4
F-3 #0542 [] 2 1) HL 6 4 f 3 119 (P<0.001) ;- M AH ]
WA EFE, RSB B HLS Fl HLS2, 7EE
22 1 R TV AR P A0 o 4 R /N b A A B 22
5, KM HLS B 5% F HLS2 (P<0.001), [q]k
PRBEAR ARG 1S A LS ARl G Mt A 7 i 3 22
5, RIA LSHE T 1S (P<0.05, P<0.001);
WA BF, fE— A B TS BIN, ie df
HL S 1) & BTk BE 329 F-3 % ey S Hela 20 i i 1)
Hil4E 3 0m F Hofh 7 RhEEE 4 (P<0.001), HAE
Fl 24 h 14 |Cso iy 0.667 8 mg/mL, T HiAt 7 Ff

il I

1C5y (mg/mL)

= Eoh3

h © hh B L &

o
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o

M-1 M-2 M-3 M4 F-1 F2 F3 F4

E 6 HEHEEELBERYM)MLEGERYF)
Hela ZHREIE5EFZ MM AY | Cso &

Figure 6 1Cg value of M and F on cell proliferation of
Helacells

T WEPRYIAY | Coo fH2Z 57 10 E VST . * : P<0.05; **: P<0.01;
**%, P<0.001

Note: Significant difference analysis of 1Csy value of ethanol
extracts. *: P<0.05; **: P<0.01; ***: P<0.001

FEHEH) | Coo KT 1 mo/mL, X WE R HHA %
ANHFER B Bk, BEBOR BER Y F-3 i
17 )5 S5
24 KREEREZIRY F-3X 2 HEMM Hela MIE
=HYMAE BHK -21 185 A 200

FIFH MTT 3L 400 F-3 X Hela 4t fifdFil
BHK-21 4l A= 8 50l , [ i 35 T 85 1 idea 24
Yy 5-FURMENE (5-Fu)VE R BHMEXT IR . S5, 7E
— B EEO N, Z9WER] 48 h J5, F-3 Al
5-Fu ¥fE B &M Hela 40 i3 78 HL 5 — & iU JE
Wi, F-3 A9 1Cso {EM 0.375 mg/mL , 5-Fu #Y 1Cso
{4 0.121 7 mg/mL, F-3 GRS 55 T 5-Fu
(P<0.05); #EIEH 40/ BHK-21 s, F-3 XK
BRI HIME, T 5-Fu HA B A0 4 i Ak
I (P<0.001) (Kl 7A. 7B).
25 kEEGEZIEY F-3 %t Hela 4RAEFN BHK-21
il ake R N oA

7E5 B B T AR Hela 4l ig fl BHK-21 41
MR B F-3 b B 5 T8 A AR A A 150 L % 8.
Hela 40 g AR 1Y F-3 4bF1 24 h )5, 4006
AR REME MM, SXTRAML, A
YA K G218, TEAAHLIN, T HL2 845 1k 4 i
GrEL; WA AL IRV EE ARG, AR TR AR IR L B
ORI, TURE A i R B B 020 (K] BA-8C);
£ 1.0mg/mL ZbFRHCBE R, A e R B TR &
MERER, BEA%2LE2HBHTRE
(& 8D)%3, sk T BHK-21 4 i 7E F-3 ib ¥, &
WA R AR, MR R
H RS (K] 8E-8H).
26 KEEREZIRY F-3 X} Hela 4RARAT- BRI

FIFH R 4G F-3 55 Hela 405 T
R ETEN, B 9 QLICEINIEANI, Q2 1tk
IR T4, Q3 AR IEH THANM, Q4 kI
T4, XA ST RS A R, 0.2,
0.6 1 1.0 mg/mL A9 F-3 4b ¥ Hela 2l 24 h 544 7]

s
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Figure7 Effect of F-3and 5-Fu on cell proliferation of Hela and BHK-21 cells

E: A IR B: 1Coff. SXTHELIES: *: P<0.05; **: P<0.01; ***. P<0.001

Note: A: Inhibition rate curve graph; B: ICsovalue. *: P<0.05; **: P<0.01; ***: P<0.001 vs control group

Hela §% ;

BHK-21 [

0 mg/mL

0.5 mg/mL -

—

1.0 mg/mL  Local en[rged drawing

8 BIEEMIBETME Hela F1 BHK-21 4RI A AT 4K (KRR =100 um)
Figure 8 Morphologic changes of Hela and BHK-21 cells observed under an inverted fluorescence microscope (bars=

100 pm)

VAR AR, SXTRAAL, SR
200 L U TR 4 i 2% T (P<0.05,  P<0.001), 1
HEA—E e B ; 4403824 1.0 mg/mL
IF, AN B TR ATk F 32.45% (K 9A-9E),
3 WitE4

FHOCHITE R, Hy 37 AR R A B H 0 P[]
PEAAERT, B B I TR 2 A AT RE R IR B 2y
WA BRI Z —, XN KRR BRI
H AR R 25 AR T 1 AR Y A
FEUAEFAMRAER 4 BRIV EILE O ARE, TP TH
IR RN S TAE, FF0120 o M BL R T 4 Bk il

TR RIS M 22 5 AL TR 27 J2 'DNAITS
F1 B-Tubulin JFFIX} 4 bk AR ST 50, R
PR 1S Hl LS B PR AL, TRk HLS il HLS2
B hppy b R A BREEAR SR — B HA R R A By i
I AR, FAE 20 el 80 AR, fERE
P g A R — b A B e bl 4 A

A AR GE UE S H ] YL g L (Pierisrapae) . AXE
M1 (Euproctis pseudoconspersa) . /) 3% 1 (Plutella
xylostella) . HiIAZ 5B (Resseliella odai)Z: 4 kol
o P52 b At B 2 B T AMROlL S U
HEWIBTIG , X ] (Apocheima cinerarius) . #k/)
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Figure9 Helacell apoptosisrate analyzed by flow cytometry
TE: A XHRZH; B: 0.2mg/mL; C: 0.6mg/mL; D: 1.Omg/mL; E: SAMMEIAT R, SX A LE: *: P<0.05; **: P<0.01;

***. P<0.001

Note: A: Control; B: 0.2 mg/mL; C: 0.6 mg/mL; D: 1.0 mg/mL; E: Apoptosis rate in each experimental group. *: P<0.05; **: P<0.01;

***: P<0.001 vs control group

£ .0 B (Carposina sasakii) . 1% #7 #) (Planococcus
citri) 2 7 [7] it A i B R 24 FLA B i o 12220
PRI BA A i 7R IR A TR A6 A A 9 2 8
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7 FhEEHE Y (P<0.001) . LA 45 R L 0 4 fk A
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