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ABSTRACT: AIM To study the reproductive toxicity of Triptolide, one of the main components of Tripterygium
wilfordit Hook. f, on male Caenorhabditis elegans, and its potential mechanism. METHODS Expose 14 larva
of him-5 nematodes to 48 h 0.02, 0.2, 2. 0 mg/L of Triptolide. The effect of Triptolide on the fertility of male C.
elegans was assessed by crossing test, and the relevant mechanism was explored through measuring spermatids mor-
phology development, spermatids activation, sperm motility and the relative mRNA expression levels of the related
spermatogenesis genes. RESULTS Compared with the solvent control group, the 48 h Triptolide treatment in-
duced significantly decreased brood size in 2. 0 mg/L Triptolide group, significant reduction in spermatid diameter,
spermatid cross-sectional area, rates of spermatid activation, rates of motile sperm in 0. 2 and 2. 0 mg/L Triptolide
groups, and decreased expression levels of spe-10 in 0.02 — 2.0 mg/L Triptolide groups, decreased spe-15 in
0.2 -2.0 mg/LTriptolide groups, and decreased fer-1 and folt-1 in 2.0 mg/L Triptolide groups as well.
CONCLUSION Triptolide decreases expression levels of the related genes in spermatogenesis, contributes to an
array of indicators inhibition, the spermatids morphology development, the sperm morphology and function develop-
ment, which leads to decreased fertility of male C. elegans. Therefore, spermatogenesis damage is one of the main

pathway that Triptolide adversely affects the fertility.
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TN Tripterygium wilfordii Hook. f > T}
TR ARFUEAAEL Y, b BN H A i
BE L AERGESS . FPAIE . T 2R 3k i A )
o KPR, 6K Bz 1T A B s s v
T, AP RS R RIVE T AR
ESSYNCIEN) Lk RGN EZ Ny A o sy ey
Y, NERAHENELEEEN L —, WERARE
255 590 A 3 B RO AR R B 2 A
I RAFFE R RA YA . PO . Sy 5524
BEAEFRY o {E K0T R FH AT A 45 Bl OR B
JEHGEAMIE L AR R GEIIRE, MBI RN
IR FH 25 40 o s YR Ok 7 3% T A e B R R i Bl
WS onga 2505 SD R BUAE NS A BCER b, K
F RSB R R A i
(R 535 R AE AL 6 T 2k — 2B BT

FUFEATFL R (L) J2 B iR a2 il
TRz — R EEREA Y . AARIRET,
HuDAMEME R L doRnfe s (I XA AE, Ml B AR
A ALK 0.1% o fH him-5 (HEHZEAEMK) il fog-2
(e G ARAR) L sl G AR PR ) (il 7E 2k b i A7
Ze SR oA T e R R AN S IR 4
LA EAZAE ), 4 K 4H 4 A% 24 20 000 A
JEPNUT (AR AT LR A SR AR I 920 TR . 2R
K FRA O], 40 20587 kA
PRI IR T g e i
B, 2k TERS TR, RS 515 A6 55 05 T 5 e 5L 3)
Y RATHRRIE, W 0KS 7 & AR R TR g 1 2 1 TR 2
A EL B = A R L R LR
AR R A BRI 2 s Y, W
SNV =R TR D I g, B — R
AT

AT LATE SR RTINS, RABRZ H
[(Brspam it/ o valllVEE Aw i d= NI e 1oV 20w |
KN KGR SNEAGRE ST . A FARSNFR N 3h
BES . T R AEA G mRNA Rk 7K, R
TN T T 2R A PR A B B AR T S AR IBLARL, LA
R 2k JAE 25 ) Dy i 0 18 AR T b 08 0 E
il
1 R[S H
1.1 MEL5%%L  Axio ScopeAl IF'E ¢ M
(FEE % w2 ) 5 XTZ-E % 28 A2 f5 R0 1o B
( B¥FCAESE 75T ) 3 Nanodrop 1000 Spectropho-
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tometer ( 3 [E Thermo scientific 2y @] ); Light
Cycler® 96 Real-Time PCR ( %ij +- Roche, Swiss
NI

1.2 HMERA FEABPRMES (LA E
24 i B RIS e, S AT R 98% LI B BERE
E 4. Mito-tracker Red (Invitrogen /N H]) ; 555 E
[ fi#. FSE DNA Green Master ( Roche 7Y @] );
Hepes, ZREH M. 4 1MiE HE A, Trizol (Sig-
mal-Aldrich 7% 7] ); PrimeSecript'" RT Master Mix
(TaKaRa A #]) o

1.3 $£%zh4  him-5 (e1490), fog-2 (471) W
U EREVE NS o B o AT S = i B SR
(£ H, Caenorhabditis Genetic Center) , %5 H1 3537
TEARIGFFE OPS0 Y2k du A KA BT B g 55 77 4k
1=, 20 CHEEETFE . HBE Donkin i 5 ik
WAk, R 14 WLkl , AR5 ITA S8
YT LA 0] him-5 2% BGIEAT 25 b

2 HKRATE

2.1 FABRTEALEANGEE  FRECL O mg &
NHEWZE, BT 50.0 WL ZH TR, 50 C A
i 30 min, 57, H MO i BCHI O 100 mg/T.
W, JHIF, F MO ¥ MK IR L i 0.02, 0.2,
2.0 mg/LEYERAHEN RZEW . M9 I 4 iUl s
W, Bl R & — 6 g, BEmR — &8
3g, WIS g, 1 mol/L fRAREE 1 mL, JNZEiEK
ERF L, SEKES,

2.2 Tyl A NI ERIRAAE OPSO
HAE3.5 em MBRIRHIRIE B, AMA 200 L AR5
B EEATER 2 (0,02, 0.2, 2.0 mg/L) 5
MO S, A H A A TR SRR T, IRl
K5 L4 9] him-5 2 BB 3 0y 35500 X R 2H R B 20 Tk
HRAR BT, 755 AL AR E259)
AEFRG R R IR b, T 20 CHERIRAR A il 8 AR
48 h,

2.3 him-5 MR AEF Hegnl O 14 W] him-5
MR REE T HEAMM R 48 h 5, 4 him-5 HfE 4L F0
Jog-2 WEHIFE 3 + 1 By HLHIHE A — VBT AU A OPSO
1) NGM 532111, 12 h J5, 4 fog-2 Mgt Bk A
— BT OPSO /Y NGM 15 7RI, AEALBEZH 30
2% him-5 HEHL, 10 5% fog2 MW, S, KK
fog-2 i LB R N — BBy A7 OPS0 [y NGM E;
FRlll, FRELZE fog-2 WEHANFE™BR, THE A fog-2
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2.4 him-5 H R AR ML KA K D@y E
him-5 i HL Pk £ JC OPS0 fy NGM ¥ 3% Il | € 17
I minfi, ZE#ZIE A 7% 3 ~5 L Sperm Medium
(50 mmol/LHepes, 1 mmol/L MgSO,, 25 mmol/L
KCl, 45 mmol/L NaCl, 5 mmol/L CaCl,) &, #k
AL him=5 HfEdL, F 1 mL {38 &), Nl
T2 G 1/3 AR HAB BB R 7, 3 Lis A,
FER B A, AR T WLEERS 20 A T 25 R K
AN BH& R DL S DIEF, A>T
200 MRG0, BE2H SECA DT 1000 A4S, FAHR,
I3 FH Tmage-pro plus 353 HokG 20 B /0N, g Ak 2R
20 10 2% him-5 MEH

2.5 him-5 # RAkmp RSN ELEE S oI E RS
SrESfE, feMMM L E A, BT B
B, MEEBE R B RGH 23 A S ~ 10 pl 200 peg/mL
Pronase 2’ , 5 min 5, WERFIGBFEE, LA
TEHG 2L A8 Sty A B A A - T Ry 3% A )
BEALLEI S LR, RZdigeit 200 0K 4
AL LT PORG A0 I, THERRS IR AL, Ak
15 2% him-5 MEH

2.6 him-5 He KA FARINE SR gL KA
Ml eshs, P, R T R
LEF, MEEHE A I FF G 23 A 500 ng/mL Monen-
sin ™, 20 min 5, WEHSFRESIE, T SR
TAF, ML S M, BAZdigit 200
MERBEA R AW I T8 H ,
LLPA L RE % 12 S A ks 7~ BA 15 3 B8 0 1 1 i 98
bR, BEALERAL 15 4% him-S M,

2.7 himS M RAETHRNEZFHRAGRZ  fog2
S 75 M BRAT L HU A — Pl PR S AR A, R S8 AR (AN
PR T, B LGRS BN A RS 1o Mito-tracker
red ZERARGOCARE PRI RS FAEDO0 B T 2
IIRIRALLG, REARIC DB him-5 M fog-2
WE B N SIS, him-5 T HUAYHS T2 A fog-2 HfE
RGBT M ARG RICA T, BJeiFRTEME RS
Sog-2 i HUHE B BP0 LA T 2K, BT LSO
Bi FULEACHCST 4 h JFHRICHE 178 fog-2 M AL fir b
(AL AT DL KRS T e R N i iz 3h g .
100 pg/mL Mito-tracker red H4J5JIR A 1E 3. 5 cm A3
OP50 i) NGM R Fdik b, KR EE IS 1Y him-5 M 3k
A LREEFRIL, 20 CHFSR ., WHIGR, His
ICJE Y him-5 HE A fog-2 MEHE 3+ 1 A9 ELBIHEA
—/NHTRYHA OPS0 /i NGM B8k, 4 h 5, {UH

fog-2 MERBEA—NB YA OPSO () NGM 1773,
4 bR, SRS TAE fog-2 MUK YRR . 4
REFLH 30 4% him-5 MEHL, 10 4% fog-2 M .
2.8 him-5 # kAT A AR XA B mRNA &k K
Fegm i HLZ) 6 000 4~ him-5 HfEH, DL Trizol 3
$EHCRNA J5, %5 5%k ¢cDNA, ##8 ¢cDNA 2 pl,
FSE DNA Green Master 12.5 pL, primer forward
1.0 uL, primer reserse 1.0 uL, H,0 8.5 uL AY#y
JEHC A 25 pL AR &, TEFOLSLm e & PCR L LA
95 CHIALMES s, Fe5miB KR 30 s RETOLE
7, 40 DMEFR; 72 °C 10 min ZEAR, IO g il
%o HBYEERA spe-10 FEAE )59 TTTTATTGTCG-
GCGGAGTGT, Jz a1 5|4 CGATGACTGCGAACTTT-
GAG; fer-1 3P IE 14 2] 4 AATGGATGGAATGCT-
GTTGGTC, J% [ 5|4 AACGCTTTCTGAAGTTGTG-
GTG; folt-1 3 A 1E ] 5| 4 TCCATTCCTCACTC-
CGTTTCTA, k¢ [ 5] %) GCATCTGCCATACTCCTT-
TACC; spe-15 3 [ 1FE ] 5] ¥ GGAGTTTTGGAT-
GTCGCTGGTTT, fzIn5|4) GCTCTCTGGGTGAAAT-
GTTGGA; N £ A B-actin iF 1] 5] ¥ ATGTGT-
GACGACGAGGTT, Jfzn5]% GAAGCACTTGCGGT-
GAAC, EAFEAMM 3 AFAT. DL BRI I E
H LA AR A K2, AN S8 — 1k ab 3,
S 2 AR BRZH B9 ACt = Ctyyy — Ctys, AACE =
ACtygy = ACtygy , PA27% 8. D ST BAL L Y
BRI H R RE R SRk 22 57 (E%0) o
2.9 it F oA R SPSS 19. 0 BF AT 4
G, LAP<0.05 A G225 S EHREY
Mx+s R, RHEERTT2Z0H (One-way
ANOVA) , 1E75 22 5% Iy W 41 1] LE 5% A 1SD 3%,
TEJT ZEANFEI I 8] LR ] Dunnett” s 255 K54
ARSI AL RE 3 I 5 16 FORG 11 MG 3 e il
RSB0 5 0 HRZHL ) H AR R OT A 56 o
3 #R
3.1 FEAFRF E A him-5 Mk A F 6w
him-5 T 1 28 A [7) Jot 9 B2 B 3 i TR AR B 48 h
G, SEHI AR, 52.0 mg/LEAKETR
2 him-5 M BOAZHCJ 19 fog-2 M s AR 25 Ik
/b (P<0.05, 1),
3.2 ENFETEA him-5 RAFmBRTERL AW
Fee him-5 MEHZ AN [R] 5T ik R 0 T P R b B
48 h 5, SEHEFIXTRARE, 0.2, 2.0 mg/L A
i TP 2R A ham-5 T KRR 200 0 A8 AR T AR X S 25
i (P<0.05, £2),
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x1 BERERENW Mm-S EREBFTANZM (x £5,
n (him-5) =30, n (fog-2) =10)
Tab.1 Effects of Triptolide on fertility of him-5 C. elegans
(x+s, n (him-5) =30, n (fog-2) =10)

20 5] FE/ (mg-L™") JEREH A
TR AR - 442 +34
TN T AR k2 0.02 412 £62
TR R 0.2 385 +58
AP R 2.0 334 £29

T GWRIX A L3, * P <0.05
R2 FELRBREXN m-5 RBHBERSEENZN
(x+s, n (him-5) =10)
Tab. 2 Effects of Triptolide on spermatids morphology de-

velopment of him-5 C. elegans (X +s,n( him-5) =

10)
- it/ WapEAR, KA R
(mg-L™") pm pm’
eanipa kel - 5.85+0.33 27.01 £3.10
FAERRMEFEA  0.02 5.62+0.39  24.96 £3.03
FAMPRPHIEA 0.2 5.35+0.38* 22.61 £3.02*
TP ERBAEA 2.0 5.30 £0.41* 22.01 +3.08*

T GWRIX R 3, * P <0.05

3.3 FANE T A A him-5 A oy tm e AR S E AL
®o WA RS, RSN pronase FIHEAT RSN
AL, AN AE O BA DR AR T RSN 1L
IR TR 0.2 mg/L Al 2.0 mg/L F5 Ak H R
2L RS AN Y AL 385 1R X BRZELAR LA 25 M e
i (P<0.05, £3),

F3 BEREREN him-5 EREFHELMEMNE AN

g (xxs, n (him-5) =15)
Tab.3 Effects of Triptolide on sperm activation and sperm

motility in vitro of him-5 C. elegans (x s, n

(him-5) =15)
15 ﬁﬂ%{l WrmieR/ W TR/
(mg-L7") % %
RFIN R - 71.2 3.6 61.5+3.0
T K A 0.02 73.4 +4.1 65.9 2.5
FAMER Zrh il 0.2 62.1+3.5"  55.4x4.1"
TP R 2.0 57.9+3.7* 48.3%5.2*

SR IR AL, © P <0. 05

3.4 FENGET E him-5 M kAT E S A O
" Mito-tracker red eI 45 R W, TEACHLE
4 h, HEFINTIEL him-5 UfE HAHE F 4R EE T 58
Mt J5 fog-2 MfE WL 9 40 kS %, 1 0.02 mg/L A
0.2 mg/LEAHEH R him-5 Mt FK 1570 2k
TG fog-2 WM ARG, A —Hor 60 T B
FRGRGEZ 8], M0 2. 0 mg/L F5 A R 2 him-5
T U PRGE F-3B 3 B3A 1 2SI fog-2 M U ANAE 2E,
WA —F TP FgkG 32 0], AEF P T e
1012

AT (K1),

A BRIRHEAL(DIC) B AR (9

NP R RA )

C HAREF RIEHELHDIC) D&

E HABRPRPHRLDIC) F A PR IR AE D)

™

G B AP ER/ARADIC) H B2 PR R R (9 )

T REMELm AR R, O SRR A RS 2 A RS
F, DIC (Differential Interference Contrast Microscope) , {4 T ¥ 4o
2 WER

B 1 FABRBE him-5 i RERNEFEZEE AR
Fig.1 Effects of Triptolide on sperm meotility in vivo of

him-5 C. elegans

him-5 T HUKS 7 1R 5116 2l g 740 45 2R R,
AN RAALL, 0.2, 2.0 mg/L A BEH £4
LANEIEF AR B E TR (P<0.05, %3),
3.5 FENEFEX himS kTR AMELR
mRNA F A K-FegFrn AP EX 4 MK
A AR DGR R IR RS2 a2k 3 i, S 5axt
HRZHAH L, A25WAbTEA spe-10 R AHXT F k7K
SR ETREE (P<0.05); 0.2, 2.0 mg/L TN
HH 34 2k L spe-15 JE TR A9 A X6 2 38 7K 1 2 F B
(P<0.05); 2.0 mg/L B RHAL L fer-1 F
Solt-1 FE[R 1) AH X F ik 7K V- 2 TR (P <0.05,
#4),
4 itig

AT RE R R B AP — D R, B
HI, DAMFLsh Y o iishdy, xbifete A ss st it
G871 AL B S A FRIE L . 2
A B RE PR A 22 7 TR DU A5 Ak 2 ) 3 ] e
BAMAGERE, JIRGTRATm, HERNAATE
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x4 BREFZEX him-5 ERETFREMBXERE mRNA RIZKFHZME (x£s)

Tab.4 Effects of Triptolide on the expression levels of genes related to spermatogenesis of him-5 C. elegans (x +s)

a1 il AHXS FIB K
(mg-L°") spe-10 spe-15 fer-1 Sfoli-1
X IR 2H - 1.00 £0. 10 1.00 £0. 12 1.00 +0. 19 1.00 +0.27
A A A 0.02 0.21 +0.12* 0.94 +0. 14 1.20 +0. 61 0.80 +0. 10
TR R b aa 0.2 0.18 +0.03* 0.49 +0.08 * 0.85 +0.26 0.75 +0. 08
AP RER A 2.0 0.14 £0.06 * 0.24 £0.13* 0.31 £0.08* 0.30+0.13*

TE: SRR R LA, © P <0.05
JU, Shis S ahiG . BET, 7ERRSER
Hr, FeR Cw . idk. BT B3R RN, RZE
KIKEZRE) T REEEHEHNAE, W RAMINE
Frok i HARSE St AT o, (A ZL sl A6 A ) 4
I ZePER 2 T A s B B e AR i s R e . i
A, ARSI G R R DAUBURE M 5 AR R AE TN A1
PEVEAL S A B B vh A DG AR N 20 e £ Al e
R TR EE T, 4% T EEAE, (HA R
KPR RO R A Z WL, AR HIA
LIS TR | LT S0 T 1) 55 I B T2 dUpE o 7
3 T TP 2R A T A4 R S AR R

ARWFFEH, him-5 HE W5 fog-2 W Y 4 32k
WA RWRHEE AT RAGARENE S, 5
him-5 1 H 52 C Y fog-2 M B 5 AR H & W b,
2.0 mg/L 452520 1 2 T R, $RRHEMEAEI R S
EEABETRENNESEZ —, SAMERIRE
Al gz

U TR AU 2L, TS 20 M 2 I R 2L
P2, HOR A MUE v] DL WA AL 24 ) R T
KRB WAL . TER G R, HaiEs
HiE AT I EA BRI, IEWETHE
R BRI HATRORE R E ) . 45 WRG2548 h
&, SXTEAMEL, 0.2, 2.0 mg/L HAMEH RS
ZA2H 2 RS A0 A AR T AR AR, KT
TG SRS 7538 B FRAK, PR BE AR &R
XPIREC o LG AL S R AE BABER, &4
FEREFHRMWIEE LT MG LT 2, I
Tizahfe Sy, R Bk G0HE 2 0 As T80 e
A EUE RABCH I RE AR

TETE A R G2 FEEL BAS M IRIE S Kk EM
sl Z i seat -, RIErEmzLsh Y 5N A A
(R E PR A i, A Bt 5 A W 45 0 1 40 A2k
HOKE - & AE 5 DA v i 32 10 ORG A M TR 28 Rk A BRI
spe-10F1 spe-15 | K5 F iz B B fer-1| K5+ Hh i 3
A foli-1, HATWLEEH mRNA Rk 24, 45
TR 22 e H R v A A AR PR

spe-10 Fl spe-15 JL K 2 Sk ALY IE & & 7 i
Fe, spe-10 AR AL TG 4T 4EAR-EAN i & (Fi-
brous body-membranous organelles, FB-MOs) [# FB
AT LR R 2L FB BRAEARAR IR, TR L IE
K AR/ RS I 2 T spe-15 SEARPRLE h 2
P AR A0 M R A M ep S 40 A I
BRZE R IR spe-10 FERAYFRIA H 0. 02 mg/L T HE
R K B F PEREAR, T spe-15 FE N 7E 0.2,
2.0 mg/L 72 B 3 FEAI, 55 K5 400 g LA R i AR
M BA — 2, SRR AR R ] il
T spe-10 Fl spe-15 ik, T4 FB-MOs f & H
FIML BT o LERE A AN R AR AR TP i J0 C (K 2
2OV a0

Fer-1 587 (R Ht (1)K 4 M 7K 3% Ak i & vh
MO ANREFNZEMIIERE &, W TR R, AEE
PATIE R 32 8102 Foli-1 4t i 42 5 iR
RN 12 LA R 28 B A JEPE IR A S50, Foli-1 %€
AR B T ] TE B IR T B0 B
B 45 2R o fer-1 Fl folt-1 BN FRIBIKFAE 2. 0 mg/L
I F AR, 4RR T A T R AT e A T
Ser-1 AZIR, MK 715 it b MO 55 40 g st i
e, SRARELRETZME, BRIz
J35 LR fole-1 BYFRIK, LR R Y IR Y
TRz, FEONREIE W AR T B

gi b, WA R T him-5 MBS T &
H5E % | spe-10, spe-15, fer-1. folt-1 Kt K )3+ 15
VIS P ) OV = R TRSA 2 RN R R L o SR
KT E O RRRAR, B GRE $E RRE TR BRI,
Wi BT 7R 2 e R 2 Ao 410 RS A0 P 25 B RORS 1
BREMIGERE , PR im-5 HERWAET T, 7
AT R AR R B A T B R R A B AR T
HEREZ—,

S 3Lk

(U] BT, @ VL WAEMGIREN]. RS
2%, 2007, 1(1): 58-60.
1013



2018 4E 5 A WOk % May 2018
40 HFSH Chinese Traditional Patent Medicine Vol. 40 No. 5
(2] & 2, 25908 FOBERRERERF ORISR, [J]. J Cell Biol, 1981, 91(1): 26-44.

[3]

[10]

[11]

[12]

1014

[EBEigts, 2007, 22(1): 55-56.

B4, DM, SKEBE, % OEAOBPEABNIEE
(T4) Wy e Sz L], o B2 R B 25 40,
1990, 12(3). 157-161.

Chen B J. Triptolide, a novel immunosuppressive and anti-in-
flammatory agent purified from a Chinese herb Tripterygium wil-
fordii Hook F[J]. Leuk Lymphoma, 2001, 42(3) . 253-265.
Phillips P A, Dudeja V, McCarroll J A, et al. Triptolide in-
duces pancreatic cancer cell death via inhibition of heat shock
protein 70[ J]. Cancer Res, 2007, 67(19) . 9407-9416.

Xu X, Xiong M, Xu Y, et al. Triptolide attenuates idiopathic
pneumonia syndrome in a mouse bone marrow transplantation
model by down-regulation of IL-17[J].
2012, 14(4) . 704-709.

R, WIEL, BN, . WA B AT R Y
ML), BrEdes, 1989, 3(3): 129-131.

Huynh P N, Hikim A P, Wang C, et al. Long-time effects of

Int Immunopharmacol ,

Triptolide on spermatogenesis, epididymal sperm function, and
fertility in male rats[ J]. J Androl, 2000, 21(5): 689-699.
KARTE, HRAR, T M5, 5. AW R SD KA

FARSMABAIIE[T]. = mAROL R4, 2007, 22
(1): 74-78.

2L, g, T R, AR ST O UMY
BURESH T 2w [T]. IR S EEEARE,
2009, 26(6): 498-500.

Chatterjee I, Richmond A, Putiri E, et al. The Caenorhabdi-
tis elegans spe-38 gene encodes a novel four-pass integral mem-
brane protein required for sperm function at fertilization [ J ].
Development, 2005, 132(12) . 2795-2808.

Schedl T, Kimble J. fog-2, a Germ-Line-Specific sex determi-
nation gene required for hermaphrodite spermatogenesis in Cae-
norhabditis elegans [J]. Genetics, 1988, 119(1): 43-61.
The C. elegans sequencing consortium. Genome sequence of the
nematode C. elegans: a platform for investigating biology[ J].
Science, 1998, 282(5396): 2012-2018.

L'Hernault S W. The genetics and cell biology of spermatogene-
sis in the nematode C. elegans [ J]. Mol Cell Endocrinol,
2009, 306(1-2): 59-65.

Nelson G A, Ward S. Vesicle fusion, pseudopod extension and
amoeboid motility are induced in nematode spermatids by the
ionophore monensin[ J]. Cell, 1980, 19(2) . 457-464.

Ward S, Argon Y, Nelson G A. Sperm morphogenesis in wild-

type and fertilization-defective mutants of Caenorhabditis elegans

[17]

[23]

[24]

[25]

[26]

[27]

(28]

[29]

Chu D S, Liu HB, Nix P, et al. Sperm chromatin proteomics
identifies evolutionarily conserved fertility factors[ J]. Nature,
2006, 443(7107) . 101-105.

Brenner S. The genetics of Caenorhabditis elegans [ ] ].
Genetics, 1974, 77(1) . 71-94.

Donkin S G, Williams P L. Influence of developmental stage,
salts and food presence on various end points using Caenorhab-
ditis elegans for aquatic toxicity testing [ J]. Environ Toxicol
Chem, 1995, 14(12). 2139-2147.

L’ Hernault S W, Roberts T M. Cell biology of nematode
sperm[ J|. Methods Cell Biol, 1995, 48 273-301.
Kubagawal H M, Watts J L, Corrigan C, et al. Oocyte signals
derived from polyunsaturated fatty acids control sperm recruit-
ment in vivo[ J]. Nat Cell Biol, 2006, 8(10); 1143-1148.
Livak K J, Schmittgen T D. Analysis of relative gene expres-
sion data using real-time quantitative PCR and the 2 (-Delta
Delta C (T)) method [ J]. Methods, 2001, 25 (4):
402-408.

Shakes D C, Ward S. Mutations that disrupt the morphogenesis
and localization of a sperm-specific organelle in Caenorhabditis
elegans [ J]. Dev Biol, 1989, 134(2) . 307-316.

Gleason E J, Lindsey W C, Kroft TL, et al. spe-10 encodes a
DHHC-CRD zinc-finger membrane protein required for endo-
plasmic reticulum/Golgi membrane morphogenesis during Cae-
norhabditis elegans spermatogenesis[ J]. Genetics, 2006, 172
(1): 145-158.

Kelleher J F, Mandell M A, Moulder G, et al. Myosin VI is
required for asymmetric segregation of cellular components dur-
ing C. elegans spermatogenesis [ J ]. Curr Biol, 2000, 10
(23): 1489-1496.

Roberts T M, Ward S. Centripetal flow of pseudopodial surface
components could propel the ameboid movement of Caenorhabdi-
tis elegans spermatozoa [ J]. J Cell Biol, 1982, 92 (1):
132-138.

Achanzar W E, Ward S. A nematode gene required for sperm
vesicle fusion[ J]. J Cell Sci, 1997, 110(Pt9) . 1073-1081.
Balamurugan K, Ashokkumar B, Moussaif M, et al. Cloning
and functional characterization of a folate transporter from the
nematode Caenorhabditis elegans [ J]. Am J Physiol Cell
Physiol, 2007, 293(2): 670-681.

Austin M U, Liau W S, Balamurugan K, et al. Knockout of

the folate transporter folt-1 causes germline and somatic defects

in C. elegans [J]. BMC Dev Biol, 2010, 10(1) . 46.



