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Abstract: Most organisms can secrete pheromones to mediate their behavior, development, and physiological metabolism.
However, prior to the discovery of a group of intra—specific chemical signal substrates called ascarosides the pheromones of
nematodes had not yet been described. The main chemical structures of ascarosides are made up of the sugar ascarylose,
which is linked to fatty acid-like side chains of varying lengths.

Ascarosides were originally isolated from the parasitic nematodeAscaris, the animal after which the group of compounds
was named. Ascarosides play important roles in mediating different behaviors and development, such as mate finding,
aggregation, and diapause in the free-living species Caenorhabditis elegans. Ascarosides also mediate distinct nematode
behaviors, such as retention, avoidance, and long-range attraction. Likewise, a growing body of literature reports the
identification of ascarosides in a wide range of other nematodes. The different nematode species respond to distinct, but

overlapping, sets of ascarosides.

EE& TR Ml A 25 TR L 350 (201204501 ) 5 B R & 8RBT & J 140 (863 1141]: 2014AA020529) 5 [ 5% H 4R Bl 4% 5L 4x (31221091,
31272323, 31370650) ; H EREREAH TR H (KSCX2-EW-J-2) ; H EIRk B A% /5 5% 35 (XDB11050100)

Y Fs A H#A:2014-09-01; [ £& H i B A . 2015-

# W iHA/EH Corresponding author. E-mail ; hex386@ 163.com

http ://www.ecologica.cn



2 S % 36 &

A wide range of biological functions is facilitated by a great diversity of ascarosides with varying chemical structures.
Different ascarosides or combinations of ascarosides mediate the production of different phenotypes, and even small
differences in chemical structures are often associated with strongly altered activity profiles. Additional complexity arises
from concentration-dependent effects, and synergism between different ascarosides. At picomolar concentrations, a
synergistic mixture of at least three ascarosides produced by hermaphrodites triggers male-specific attraction inC. elegans. At
higher concentrations, the same ascarosides, perhaps in a different mixture, induce the developmentally arrested stage
known as dauer.

Ascaroside signaling communicates detailed information about the life history and metabolic state of a nematode
individual. The production of ascarosides is strongly dependent on environmental conditions, with the expression and
concentrations of different ascarosides being sensitive to life stage, sex, food availability, and other environmental factors,
suggesting that ascarosides regulate the overall life cycle ofC. elegans. At the same, in some studies investigating the
ascarosides of parasitic nematodes, most of the species produce species-specific ascaroside mixtures, e.g., ascaroside
biosynthesis patterns appear to be correlated with phylogeny.

The ascarosides are sensed by several types of chemosensory head neurons, including the ASK, ASI, and ADL
neurons, as well as the male-specific CEM neurons. Ascaroside perception is mediated by diverse families of G-protein
coupled membrane receptors that act upstream of conserved signal transduction pathways, including insulin/IGF-1 signaling
and transforming growth factor beta ( TGF-B) signaling. The biosynthesis of ascarosides appears to integrate input from
several primary metabolic pathways, including peroxisomal -oxidation of long-chain fatty acids and amino acid catabolism.

In this paper, we reviewed recent discoveries in this field, including reports of the structures and identification,
components and functions, biosynthesis and metabolic regulation, allelopathic signaling pathways, and signal regulate mode
of ascarosides, not only in nematodes, but also in other organisms. The aim is to provide an updated and comprehensive
synthesis of the ascaroside literature. This will benefit future research on the chemical ecology of nematodes, and be of great

value to the field of neurobiology.
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Bikft, TEARRIE & A AY WU I B0 & S T E— 254 B G 20T 0E mor s> 7

75 N BEATZE . Caenorhabditis elegans — &2k HURIERATF 5% f 32 B (AL A= ), (0 32 B4 v 7 L DR 0K
T ME BR S SRS RS . ELF 2005 4F, Jeong SO FE T M BT R AR BUR S KA S
B I U RME S ) ——H0E (ascarosides ) o MU BB Y AHOCHFSE U T — RIS MM, AT
FE SO A2 B REE 55 43T, i B I TR 45 I i e 422 280 U3 S M B % ( dideoxysugar ascarolyse ) [ 2H A%, i
e K B A R A B AT A 4 25 S A S A 2 AR R am R B AR Y 2R R B R4 S L £ /K ((dauer) B AR
FETN

BT R I, £ P Ay AR 2 Tt A AR L a3, AR TN, 2% 28 7 AR 2k A 3 AT 3 B R AR 28 T 4 2K
R ABRIE NP o QSRS [F] 2 R A ] BB A8 45 S MU0 IR 2 i kA B2 K SR i i AL 2 e 5 T
P B BFERAEATE . AT L BT R R0 A B 5 0 T4 il R0l 2 5 i 2 e N B
ZEJERRE R L, R AR SO0 I AR 4 i v A7 B SR AR I S BV SRtk AT T AR A
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1 FWRALREREHEESE
2 O X Bl /N A5 BRI LR IR AE 5 20

TR R 97 7% 63 K D 2 2 0 B 4% PR 1 24 %

AT N ST 35 26 S 34 M 2 i — s

AR TR DA, DR AR FE R340 1 R ) T o )
AREEHI R AE 10 2 KERE BT B R A S R LI 1, R S €

i & I JE IS U MR A 44 N aser#l, 2, 3+« « |n, 3, 6- AR L-HEME  Ro

R Iy S AT 21 45 115 A ) 0 4 R, 14 245 I i L
- BIBARLINR 25 S0 T R K M B 2524 o 2 LY W Gasrt)

S SO I R S T 2 b R et s oRl SR

PR LM 5 5 S T e s ki

r9] J— . . E1 imREaREE
Choe'” B\ 45 75 W B AT 28 i 0 & = 2wl 25 44 i Fig. 1 Overall structure of ascarosides

TG H (07 B AR MR 5 5 N ascr, — PR W MR FK. 00 Cascarylose sugar) 4 B 9 7 £ SR 5 R
(indole ascarosides) , {65 N icas, 7 /b —Fl & o-1 B AL

aser T AERERY o FALRHE, 75 R oser (AL LK 4) .

1.1 S FH AL R 2R HUE 5 B R 450 S H S

2 JUE BRI AU AE 2 /R 2 R U g i . 202 F M et de dugh e B KR F b b i il
A A S W HCS R S 2R R R B SR UG,

AN AR IR LT IR, 55 T BT 2k HURR BESE I T AR A7, FEFREEE B SR 0F T, 75 I B AT 4 AN A
3—5 d BLAE M AR IR0 L, —L, DU 2l U BE & 7 M R, I 7 A2 24 300 A AR, 76 L, sk L0, i &
Yy = Fies BB L RE T i A 45 BRI 75 I BT 2 HURE R AR B 2 U AT L4 B 2R 4
RO LR AW B IR A E N W E W BREAEREAOT YIS B (e T MR

FEER) RUWERE W IR L gh B AR

FAE B2 80 AR, BHA A Tl A B 75 i FaAT 2k IR 2 R e 32 A 25 B R AR R O IR E B R
JE S KM U S AT A, (L — B LA B A L 25 R AL B 2005 45, Jeong A5 20K T 4R UM %5
JE TR TE 300 L KRB A TEE h R4 T 1 55 I B AT 2 U KIUBORAAS: 37, T 1 LR SR S OB A S 32 WA T
ZIRME BR TR BTy s alifl . AR5 AT 0% 00 2 45 G LE TR e R 1 Ao B 25 S ORI 4y s
FRUEAZ G LR NMR ( nuclear magnetic resonance ) F1JB 547 A %8 5 HH — 8B 1) i ascr#1 " (Bl daumone) .
Butcher 45" IS 5 138 5 2 /R IRE IR B 4l S 28 T ascr#2, I PR BEILIR 1% 4307 4% 1] 55 — 4~ s, AP
ascr#3, Ascri#l ) ascr#3 POEIREN WoR , 75 2 /RE Bt #2 rh 45 Hh#E I ( pharynx ) 38 K2, aser#3 R 5T H 2 HE 8
B 3B 4 25 70 (amphid neurons ) [1e]

Bt , Gallo F11 Riddle!"™ 4L T ascr#l & S F1 75 TR Fa A28 B 32 e ) (9 A4 3RASE , B IW aser#t] JFA
SETE IR 2 R A5 B R I Y, 10 L Jeong ELHRGHE MR X6 75 W PP 26 HUA 7, 455 xR AR A7

BARAL TN Jeong BIBFFEA Fi o 5BE , (H B AR IR S il 1 i) J5 St 58 FERE T — 138 B9 R AR = W 58 J7 1), K
TS TR o 1 % TAERIT  H & R 8 T AT L4, 10 cas#9' ™ 3 B 7E A [R] 1Y) 2 R B B = 2, 9F
TEAFGL MRS TR ZA MK (aser#1-3,5,8  icas#9) (L5149 W3 1) PrREME DB L — 5 S ALY
RAEY, Hrb, —FEE A 3-#5 2 (3-hydroxypropionatea ) I M £ /R (5 B 2 b — A HE & EZ M,
ascr#2 Fll ascr#3 HLIRWITAE AY ascr#tl THREFESR 22 i S LR %) B BRI 25 H L3 1,
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Table 1 Structures of ascarosides that induce dauer formation

PN X% 1451 55 2 R SCHR R Ak
Name Other name('s) Chemical structure Dauer activity Reference
N\/\"/OH
asert] ascaroside C7/asc-C7/ 0 T [6]
daumone-1 HO O
OH
ascr#2 ascaroside C6/ /\/\([)]/ [ [15]
daumone-2 HO (0]
OH

/\/\/\/\H/OH
ascaroside C9/ o
scr#3 = [15)
ascr; asc- A C9/daumone-3 HO @; (0) 1=
OH
O/\/\n/
(6]
How
ascritd R o 1% [22]
0 /on
HO
HO OH
A
45 ascaroside C3/ o OH B, 5 aser#2, 3 [21]
ascCr;
® asc-wC3/daumone-5 Hoﬂz FIOEEH
OH
: H
O/\/\/\H/N
ascri#8 R o 0 OH prssl (23]
HO
(0]

indolecarboxyl ascaroside 0 0
icas#9 C5/ascaroside C5/ 0 o W SRR [24]

1C-asc-C5 OH

1.2 FHuBaFrL e fE B R MEih 5 %08

IR Y RIFSE A B AR B2 i e RE 8175 55 I Bk LSS BCA T . B AT ad 270 B, iz g 4R
Hi& 438 ( NMR spectroscopic analyses ) 7 ¥ [ — 4 #% 1 3L 3z St 3% DANS ( differential analysis of 2D NMR
spectra ) YE TS B BE SIS T AC O TG P A i A5 ), B ascrtd ! , ascr#6.1, 6.2, gl o

54 Joong 5 AHBS e P20 A S AR A P TSR Srinivasan 6 MU 452 52 77 B B
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LR RIK ORI TR L LA, LA IR A BRI TS 4 SXRP SRS FT 3k 3 = AN ZR AR 1 0k,
BRI T HE S A A YN E | PR R e Bt 25 BIAR 22 A0 TR /N 535 B 5 | g 15 A v s 5 o, e il 1
SRR A2 U S5 s e, B 1 S R ek . PR e RN Bl U A L gl R AR A D) R e =
A B I R AR TR BRI R AR S T R R W B AR R A A
IS, AN F2: [ 25 355 7 i Bt 2 1 [R] RS A T AR 2 T AT 1AL &0

W5 | HEPE AR B3R i — DA BRI S W2 Y, B B G5 1o A RE 58 23 5 | S e S AP 1Y e vy, 1HL
LA H R E TG 1 Hoh—AS R B R A B Y ascr#2 T4, XML S WIFRAE ascr#td
Ascr#2 ascr#3 Fl ascr#d FRIHPMFEVERT  1E pM ¥R JE T IGPESR R B We s 1M,

M %5 5 il Y - BBk i St L Paul W. Sternberg[m N BYSE 56 = SR ] 4R R R OB TS DANS
UESE AS B 5 — S w2k ,@%E‘E@zﬁé‘%i@ﬂ(ﬁ@ MY ascr#6.1 .ascr#6.2, VA M TIRE AR HIMY) ascr#7 ( 554 W
R4), AT X ARy S T A% R R R A, OF ELE T DANS 22 50 A, AL T RN
RIS e Y 2= D RE o

75 N B AT 2 e de i 25 7= A Wi ek, AN aser#10 S 3= 107 EAE ] (A2 o= A Bk o, B-AN T AT AR
1 ascr#3, BIRPIE M2 S5 0 HOA U250 B A BRIEPEA AR KA TR] - A (Rl AR 2 10 7™ A2 ) ascr#3 REASHE
T HC A M I [R)AA A A4 W 5 | i el T A P A ) aser# 10 BE A% 3 Z 0 51 M Ik [R] (A 28 B ') [A] B, Srinvisan
G R AR Z W R TR A Y, R ascr#3 F ascr#8, REAE AEBARVR BE T W5 | St i MEvE AL 7E
BORVRE TS ARTR AR S W0 M 2 2 W 5 |, RO AR 22 F 2 0l A [ AR Y e o e £ L 3R 0 54 DL
2,

®2 WREEEREN

Table 2 Structures of ascarosides in mating activity

R N4 b4 SERC I P SCHR AL
Name Other name('s) Chemical structure Mating activity Reference
ascaroside C6/ - N =
ascr#2 IL#E1 :LL'_.'T',E ascr#3 4 RN EAEH [15]
daumone-2
ascaroside C9/
ascr#3 asc-AC9/ 21 5,5 ascr#2 4 RN PMFEIVEH (1s]
daumone-3
ascri4 daumone-4 W1 A AN B aser#2 |3 X PRI [22]

ascr#6. 1 e o OH & (23]
HO

NN
ascr6.2 —_— HO ﬂzo O:H AAIESE [23]
OH
ascri8 —_— 1 1,5 ascr#2 ,3 I A PEVEH (23]
ascr#10 asc-C9 W4 = (23]

1.3 i R AL F R R L5 5 %€

WL BE 515 = 75 T R AT 4 U SR AEAT . X 2 M 1K 35 A 6 20 R M5l Wk T A= ) (tryptophan-derived
indolemoeities-indole ascarosides) , H:H—~ 24 4 indolecarboxyl-ascaroside C5, H[ icas#9'" . FHAFAFTL Ay
W [ A BB S 4 e 2y ML 3] pML Y icas#3 (45K WL3E 3) il icas#9 SREUNLS |, i R AL,
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Table 3 Structures of ascarosides that induced aggregation behavior

7R lleearyi] REHE SCHK Ak
Name Chemical structure Aggregation activity Reference

[26]

g

icas#3 0
oz

icas#9 W1 B L26] [24]

14 WECHALR B R M4 5 5E

R BV T e AT R N . SR T JLIBURFF 5 22 202 B4R 3 T 4 AN [l 47 o (i A5 5,
FERESPES ) HEFR RE LAt al 81, i aCER 1 B R BT Z A b BE S DR HAl 5 IR ) R
(R A ST R, AR A LR o o FR SBR[ SO A TR AR FE ) (AR TR RIS, T8 S R A T 7 AR 1
3R I 22 2 R O AR ] 64, 5 5 22 A s MR B2 hy M—puM 28531, T AT S S F) e FE T g
A2 IM—pM,  HAT, Bk 1 A — 2 gk sl RE R B, 3% 4 21 A9 KA i w2 e Ak AR, 1 A AR K A
FEIE SRS ]

x4 WREMESERLEN
Table 4 Structures of other ascarosides

AR o] n M SCHk Ak

Name Chemical structure Number of “n” Reference

O/:\/\/\H/OH
[23]

ascr#7
Ho@# ©

OH
ascr#l0 ol 0 n=6
ascrt12 O/\(CHZ),, OH n=3 o
ascritl4 w n=5
ascr#l8 HO n=8
ascri22 OH n=10 [8]
oscr#9 O n=3
(0]
FE )J\

0 (CH2), OH
oscr#10 o n=7
HO
oscr#l8 =9

OH n

[9]

RN, 2R R 7 T B R R I, TSR B R AU S AR R L TR PR B SRR . AEZIRE - i
MEERFE N ZRYREER MHEER RERFR RS 28, WaCHR IR 451 A F D RE A Pr A6
SEF AR 5 B R EIIRE L XA S, BN aser#tl, #2, #3, #5, #8 MR Z/RIAS AR B EBEMEASHER
R, icas#9 BEEZ /R B E R R EREFE R, HURATL Ay HAL— 2L )5 B R (WA 1.4) Thfg
A TEHE— L RARR
2 AR Ul s i 4 S e

JET L TR u B & (Ascaris) WA TE W, 645 D W B Parascaris equorumm: A B Ascaris
lumbricoides JEHI M Ascaris suum" > FFAEALE T A1 J& O o , FRPT R B AR T Y A BEGR A i R B
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TR PR TR RO R B EAT 3 RS, SN2 RE A R R AT R R e N, FET
RN E AR K EER A, AR E M (5 LR 2)

TG A7AE T U WAFAE T H bR AT, — )\ )R\
FERESE T ], {Him B H Ascaridida F1/NFF H (o) s

,.\
@}
=]

<

Rhabditida 7ETE 2524 AR FHAA4RAE A B XY & w 1:n=27,R=OH
- s HO ‘n= =
BB I 1 8 K BB 5 75 LT 24 st R
4:n=25,R=H

WA R A BURAIR R, HF] 2009 4EA W5 & LM
FORARF AL D) RE L R T (F B AL 4
HUrE R EIRE

el TR 5 4 e o FC T ) e B R B R T RE . B
2 RGN L Ascaris suum BU A 6 BRI S5 4, 28
U EESS I TE 5 BB AT N, (EFPAAY) 1 daf-22
AARE Y RS T B AR i i E T BE A R
[F) 22 A2k - 75 W BT e DA B9 H 26 8 B B/ L 4 e
T 00 S 7 B 8 28 T R G B > ol e O 486
HEAHTRYAF I AT R L4l i, 0T 75 o e AT
LRl 22 R Al B B L BT B R S A U R 5 TS I BT i R E 2R B (A E R
HEF5) P AR A 00 DR A RS S B A 2 i e T R ks T 2t A 4R AR A DS

W RS R R AE AN ) 2 b S A P B2 53 Choe 551 B X HE B i AR TR 4R 00 3 R L RAE 9 2
A PR B TEHEAE G R R Y 19 P2k s S5 RFAE " (W3R 5) , K A ) 4k Ha A 23 28 oy o 48 A8 [
A ST B RPE RS AR o A R A A A5 5 IR SE v (B a2 Mg il E AR K25, HE 4
T DAL 1 R B T R PR 2 S 1 75 T T 2 A A A R R [R] BY , 28R S SE A i 22 S 5 i ) 22 A L
i | RN

5:n=27
6:n=29

B2 ¥EuER Ascaris suum 5P EY 6 Fhi<sEamEt i g4 3
Fig. 2 Ascaroside structures. Six long-chain ascarosides from the

eggs of the parasitic nematode Ascaris suum!3?!

B ELRAR 5 R 6 RXdBREGH 145 47 P L2
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Table 5 Ascarosides Produced by a Wide Range of Nematode Species

ERCWIE. ZFR 5 533C LB S
Lifestyle Name Reproductive mode  Clade Species ofascarosides
IRE R e T4k
LA LA EREFZM 5 9 10 aser#1,3,9,10,14.,18
Bacteriovore and/or Panagrellus redivivus
fungi FEB /TR
unetore KPUMFEL 5 9 9 ascr#18,20,22 24,26
Pelodera strongyloides
75 1 AT 2k Hy 0 9 aser#l ,2,5,7,9,10,12,13,
Caenorhabditis elegans 18,26; icas#9; oscr#9,10
ascr#l,7,9,10,12,13,14
C habditis s, ,1,9,10,12,15,14,
aenorhabditis sp. s 9 185icas#9; oscr
Caenorhabditis sp.7 (D) s 9 ascr#1,3,10,12,14,18; icas#9
Rhabditis sp. 0 9 ascr#l1,9,10,12; oscr#9,10
2l
425 Plant parasite SRR 59 12 A
Pratylenchus penetrans
I A BB S/ INFT 2k
RAURIEE RIRGEMPZA 890 9 aser#9,12,18,20,22,24,26
Entomopathogenic insect Heterorhabditis bacteriophora
ascr#1,9,10,14,16,18,22,26;
parasite Oscheius carolinensis (A) 5 2 9 asert, > o T
icas#9
Oscheius carolinensis (I]) 5 2 9 ascr#1,7,9,10,18,22; icas#9
NG IRZ B (A
MERITRER R (1) 5 9Q 10 ascr#1,9,10,11,12,18

Steinernema carpocapsae (A)
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Lifestyle Name Reproductive mode  Clade Species ofascarosides

7N W AT T 2
J\ﬁmﬁé,ﬁ}ﬁ[@ (1) 5 2 10 ascr#9, 10
Steinernema carpocapsae (1J)
Steinernema scapterisci (1J) 5 9 10 ascr#9,10,11,14
Steinernema riobrave (I]) 5 2 10 ascr#9,10,14,16,18
Steinernema glaseri (A) 5 9 10 ascr#l 9,12
Steinernema glaseri (I1J) s 10 ascr#t9, 11,12
Ik B B 75 A= NLERE SR AL (A) .
. - . 5 9 2 AR
Non-entomopathogenic Romanomermis iyengari (A)
i [RGB R L (1 A
insect parasite BB im( ) . s 2 ARH
Romanomermis iyengari (1])
ST R (A .
(RS B (1) . ) o
Romanomermis culicivorax (A)
5RO, B4 ak Oscheius tipulae 0 9 ascr#9,12
HEA Pristionchus pacificus 0 9 ascr#l 9,12
Insect-associated
n%ect'a«m‘late i Koernia sp. s 9 ascr#l 3,14
bacteriovore/fungivore
L5 HEE W2 i B 74k A
HHES Y7k - Eﬁl H IR (A) o 5 0 9 aser#3.7.10
Vertebrate parasite Nippostrongylus brastliensis (A)
2
E.Pﬁ[l.klﬂ(”).. . 5 2 9 ascr#3, 10
Nippostrongylus brasiliensis (1])
i 5 9 8 AR

Ascarts suum

A TR 1) FOR RS R, D IR RGN B, & FORMER, @ FRME L, 0 SRR MERRER] A 5 40 1z o SRR A4 R

19 P2k dUREA B S A W, HL e PSSR A DA AR S 4 o BR T /NFFRE Rhabditidae 9 JLAS A1
it : Caenorhabditis sp.7 1 Rhabditis sp. ( 578 ) ;= Az (M 7R AR A vy b 7 4235 1B (B o™ 2 5, 40 oscr#9 Al
oser#10) 71 R HLk e A i i R AR R B AR L R R (B -1 ) o RRE b £ A 7
FFLE R A5 5 10 18] W il i ——icas #97% | th LAE /INFFRL 9 JLAN B ;. Caenorhabditis spp. ( 2~ HTFD) i
Oscheius carolinensis FVH B, X8k RGN | 70 0 A vy - 372 2 ey b e 2 g K ) s | ek 6 97 A= 9 T AR
FHEHL 9 43 (i /PRI LB ) AT g — AN i AR A7 AR R BLER 0 4y SZ g i (K HE
2 KB AR HIFR Pelodera sp. ,/WFFE HUBARHIF Oscheius.sp FI57/NTLEHUE R FNFH Heterorhabditi sp. ) Be K& ™
AT 12—15 Dk JFEF R R 1, T 25 10 0 S i 2 (B HUe I 07 IR 4k HUJ& R HIA Steinernema spp. Fl
Panagrellus sp.) A=Ak Belil i, (HAFE RIS, /IMTL R Oscheius 0L B ( Steinernematidae) 571N
FFLE B} (Heterorhabditidae ) W B4 & T T B 8 A L HUZF A 2 0SB AT Ak o AR T) 4 Sz 2 el gl 4 )
SR P Y, AR AR T 2, EL A WO ) S5 A8 RS AE A R AT AR A 250 o DR T, i i A 4 6
BB AL T 5 55 5% 06 R D R A48 7 ANl A AR AP R b AHOC Y

25 bR a7 ) i A A A M b BN (Rl G AR ST, A BN (W] 4 e o o e i A 5 R A T IR
S R U A AR L R ) BN A A R BT T AR A AL RN E AR EER HER
R OREGE R R i w L o R TR A

3 wREMAMEREHEE
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