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Abstract: Cocoons are a key life-history stage of leeches, so it is of great ecobiological significance to clarify
their morphological features and chemical composition. Wuling cave leeches (Sinospelaeobdella wulingensis)
are the type species of the newly—described genus Sinospelaeobdella, which breed on the roof wall of karstic
caves, and differ from water and land leeches ecobiologically. In view of the particularity of Wuling cave
leeches and the key role of cocoons in the adaptive evolution of leeches, morphology and chemical composi—
tion of the cocoons were preliminarily studied. The results showed that: 1) Cocoons of Wuling cave leeches
were roughly ellipsoidal, with a long diameter of (10.80+1.71) mm and a short one of (8.32+1.60) mm, and a
weight of (135.3£76.8) mg; 2) From outside to inside, each cocoon had the outer layer (honeycomb) and in—
ner layer of cocoon—wall, protein fluid and fertilized egg; 3) There were 17 kinds of hydrolyzed amino acids
and 11 kinds of free amino acids in the cocoon, among which the relative contents of glutamic acid and ala—
nine were the highest; 4) There were 68 kinds of trusted proteins identified in the cocoon, of which 27 were
unidentified, and the remaining 41 could be divided into 6 categories, namely 5 antioxidant proteins, 12 en—
zyme proteins, 6 cytoskeletal proteins, 12 binding proteins, 2 heat shock proteins and 4 other proteins. The
morphological characteristics and chemical composition of the cocoons reflect long—term adaptation of leeches

to cave ecological environments. The crucial role of the cocoon in the species evolution and population sur—
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vival of the leeches deserves further systematic investigation.
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BB TFIE (Sinospelaeobdella wulingensis)(VA T
FTPR ] 5 ) SR J& P45 S 1] (Annelida) 9 24 (Hi -
rudinea) LW 4% H (Arhynchobdellida) L1 15 F} (Hae -
madipsidae) T E1E)E (Sinospelaeobdella), &L 4F:
RBLAHTE RN, A TS S AR
SRR E R IR A2 0 L DX D B
e,

IR B 2 A A S B I N A R AR R B
B3R CTBURE LA ATG i 8 1) 1L RCA B, AR AR
=, E ALY ER S, BTN R T K
A L (i ), 7 3] TOURE S8 Ji 4 A A 1 s ——
A A P JSA | BT (AR FIBR B 4 AN B Be o
TR AR S SRR S AR B A shiRg Ty, nl
e, T N Sk B R VA B THEE, - HL B B
WHIIEIG & B TGS 3 A LLE, 6] 5 52 4
FEAEEN T RIS . TR RIS R b,
B AR T — i N A AT S A 5 A B
HARHRHIE, AORBERPRERY A= AE AN EEATT . RSO0
WP B S G 1 S Al 2 AT e, A BT
I A T SRR AR AR, DL R R A R B &R
B R EHIR AW

1 #REFE

1.1 #RAE

2022 4F 3 F, 7EWIVE M A E-558 N A4 T R /)N
B EZRE D H R X 4391 (110°24'E, 28°78'N,
T 888.90 m)FNEE el (110°24'E, 28°82'N, Mk
1 045.40 m)RERNRIETN A 56 1~ H 50 mLL (9%
EREARAT R, BT 4 CIRF .
1.2 ®WRFAE
1.2.1 PR R MU

FHE S 2R = RO e B0 A KA S AR,
KGR 0.01 mmo FHHL TR (FA224) PR P A 1Y
i, KN 0.1 mge ZJa, BN A E TR B
Bi(Motic SMZ-168) T, A4S HLIME FEIE S 43
JEREA T B 35 N2 Sk 5 7K B A A1 2 )
B, B H N ERLE R, FHHARE
122 /KAFRIRBR GG M 2

W IR R R AU B, T LS ST IR AE i o
FREC 0.2 g FE&L T /KBS S, A 10 mL 6 mol/L

(Life Science Research, 2023, 27(3): 237-244)

ERFRVS T WA e AR, 47 B, AR
ZRAIHREE 3~5 min; SR HUKIFEE T (1101) °C
) P R XUTEC IR, (A KA 22 he Rk
TUEE 50 mL 25, IF K s e KA e 4 .
WHL 1.0 mL JETRE 15 mL i M, 40 CIE =
T4, FH 1.0 mL pH 2.2 BIFF B RN ER MR B 7R,
PRGIRAT, 28022 wm IEBETUEIG, SR H & &R
H 3 (LASOSO) A Tl E el
1.2.3 7 5 2R agm 2

FREC 0.2 g IRSIFEML, A 10 mL B0,
JIA 0.02 mol/L EhFRIARE S - H 5 mL H EEAIK
WG AL C18 BIARFE/INEE, A 2.5 mIL A 5 1
1.5 mL 0.02 mol/L 52, 1A= IIFERLFH 0.02 mol/L
HRERT] 5 mL, & 045 pm RS IEE, KA
IR A 31531 (LASOS0)HEA Tl %17,
1.24 &&RAESH
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1200)53 2, F-H Q-Exactive =0 PR g7
Rl

AR B 3 D 45 SO (raw file), FHARAFPro—
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FNEATSEELR . AT ASCSE A
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£ 1 (ERA%M Proteome Discoverer 2.5 ZER T ARIS

Table 1 Parameters used by Proteome Discoverer 2.5 software

Ttem Value
Enzyme Trypsin
Maximum missed cleavages 2
Fixed modifications Carbamidomethyl (C)
Variable modifications Oxidation (M)
Database UniProt-organism 42736, UniProt—organism 486152, UniProt-organism 1348078, UniProt—organism

2301367, UniProt—taxonomy 13554, UniProt—taxonomy 42113, UniProt—taxonomy 85671
Peptide mass tolerance 10 ppm

Fragment mass tolerance 0.02 Da

False discovery rate (FDR) <0.05
HANHEE 1D~E). #EENZE A, AT 5R5E, *2 REAEREF 17 MKREEBNSE
BORSEHE Y WEERIE B BRI . SR Ah B H a8 3% Table 2 Contents of 17 hydrolyzed amino acids in

S. wulingensis cocoons

(& ID~E). ZAGINETE T HBEN 2 T ZE A L

; e IV LN N Amino acid Content/g Amino acid Content/g
EI@E’J%EI{{Q'?, WEEX’EUI}'#}#(E 1E~F) Glutamic acid 2.402 0 Glycine 0.886 8
2.2 ﬁ%ﬂiflﬂﬂ%ﬁﬁ‘]ﬂ?ﬁﬁk Aspartic acid 1.733 9 Phenylalanine 0.630 4
221 KBRIARGFERSE Lysine 13116 || Alanine 0.626 9

o e N Leucine 11754 || Tyrosine 0.536 5
H13 2 n] R, B R W BN S 5 A 17 FhOK AR Proline 11849 || Cystine 0.540 2
TR 100 g FEARAY B RN 15.866 9 g, Hirf Serine 1.0856 Histidine 0.466 0
Valine 1.068 2 Isoleucine 0.317 2
NS R S S P ==y =R S S PO = =)
A A AR N 5 ek b iy SRR R B AR X 5 Threonine 09249 || Methionine 0.081 2
. UHREFMRAIGER ANAR EAR A Arginine 08952 | Total 15.866 9
ST RIR SRR SRR KR e g b ment 100 g H B P e AR AT,
Hpg B A1 37. 7% Note: The table shows the amino acid content of per 100 g
222 HERARGHERSF sample.

MR 3 AT, BRI IE A O B 1 APl b, INERR . SRR A RIX 3 Pl g & gk
BEIAR, BB, B 100 g FEMZAIRN 0132 1 g, BRAGAHXT & B8, 1 e BR AR & BRIk .

B 1 KRB

(A) R =T RegIp &, RAEINERF 200K 2, BRI 69445, 0K 22K 3, (B) 40 ¥EE M R et ad JF =R, (C) %
G, MRERATERET B, D) EGEH—ANZRDENR, T EZRAAEEET; ) RZRNEL B LAWY
o T Hem ARG AR R AR AR, IR BB A i, (F) R AEGE LG ERBV EIRE Bk,
Fig.1 Morphological structure of S. wulingensis cocoons

(A) A newly-laid cocoon. Iis outer wall contains a layer of clear foam, which gradually turns to yellow with time; (B) Release of
young leeches from a cocoon; (C) The foam layer turning into honeycomb layer after hatching; (D) The honeycomb layer. It con—
sists of three—dimensional micro—chambers separated by thin membranes from each other; (E) The inner layer of cocoon wall. It is
an angular ellipsoid/sphere composed of connected pentagons or hexagons, and has more tenacity than the honeycomb mem-
brane; (F) The inner layer of cocoon wall covered with milky or transparent viscous albumen solution.
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Table 3 Categories and Contents of free amino acid in
S. Wulingensis cocoons

Amino acid Content/g Amino acid Content/g
Alanine 0.032 1 Serine 0.001 3
Valine 0.022 6 Cystine 0.000 9
Leucine 0.021 0 Tyrosine —
Threonine 0.015 4 Proline —
Glutamic acid 0.0113 Phenylalanine —
Glycine 0.0110 Methionine —
Lysine 0.009 6 Arginine —
Isoleucine 0.005 4 Histidine —
Aspartic acid 0.001 5 Total content 0.132 1

E: AP BT 100 g BB THARLRSS, KK

g
Notes: The table shows the amino acid content of per 100 g
sample. “—" means not detected.

223 EaARAPE

3H o YRR €83 — FR I BT 7% (liquid chromatogra—
phy—tandem mass spectrometry, LC-MS/MS)FA, 7
WFFEAE IR s 4 68 Rl AT B, Hoh 27
T 1 R DA G ST BORE, D AR S B o
Hop 41 Ml fEE A B EZ 500 6 28, RiyT4 L
S EEEE 12 A A E 2R 6 Fh S H
b A S S E AR G EE ) 12 F
PIRTEER A 2 F bS5 4 Fh (R 4),

# W5 2023 4E
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31 BERIPEMESEHES

MNIRAT SCHR E R, IR 05 1Y) B 25 76 g L
(Haemadipsa hainana). B 28 EWE (Hirudo nipponia)
N FEAR G LM% (W hitmania pigra) S5 5 FRO-00 B A
SEREC AR, HARAT 3 IR i 4 R A s BE SN R
DGR BENZ, HA2R O T b, m
YA (Erpobdella luguensis) A FCYT 8 (Odon—
tobdella blanchardi). B 1¥i 0% (Piscicola olivacea)
T i JE W% (Plac ob della. ornata) 55 & FROE B # 2
P ANTR] o A, IR O A Y e s 2 45 R 5 A
A [ g (S g Rl ) R 4 2 M (g Rl ) DD A ) e R
SEMAEAEZE 5, TS [A]—Rh A0 T R L W A A
AL, IR 5 T T L 18 B ST DR/ (B (7 B
Y S5 AR TE B B A 25 570103 5),

R, WERYIRI A > S AEE BRI AR
AR RS R B BE A G LI ] K
W B AF AL SRR, LA S R4 ORGP
P TR S R R B 123, BB A 5 T R
PEATEEG 9Tt TR SRR AR R BHAR R 5 72
Zad RS R R SRS PRI 2 e, AR 2%
2L R AFIMERFIEAR AR R, 8l H 2 A 4
ok 22 IRMEN, T2 BN B R/ AR 4
SRR U RE XA A AT B A R Ao 22 S o1t 1417
(3 5), PIHCHOR P S IE SRR eV D Y
Pyt iR N2 T DITEAIC IR, LU SRR 08 255
FOHA: BRAR A A 283 W PR Y LIS

x4 KEREINENMESEARN LC-MS/MS £EL£R

Table 4 The LC-MS/MS identification results of proteins from S. wulingensis cocoons

Type of protein Name of protein

Accession No.  Isoelectric point ~ Molecular weight/kD

Antioxidant protein Extracellular globin D1
Extracellular globin D2
Extracellular globin M1
Superoxide dismutase [Cu—Zn]
Superoxide dismutase (fragment)
NADH dehydrogenase subunit 5
NADH dehydrogenase subunit 2

Cytochrome ¢ oxidase subunit 3

Enzyme protein

Malate dehydrogenase
ATP synthase subunit beta
2-Phospho-D—glycerate hydro-lyase

Glyceraldehyde—3—phosphate dehydrogenase
ATP synthase peripheral stalk subunit OSCP

Protein disulfide—isomerase
Fructose—bisphosphate aldolase
Peptidyl—prolyl cis—trans isomerase
ATPase protein 9

Q75ZP5 6.5 16.3
Q75ZpP4 6.5 16.9
Q75ZpP7 6.8 18.9
TIFNC7 6.4 15.9
BITY04 5.6 10.6
X2CoM1 8.4 65.9
AOASESJSIS 8.2 37.8
X2C3Y8 7.1 30.6
TIEDN4 79 36.4
A0A286Q4U6 6.0 56.2
TIFM52 6.9 47.2
A0A286Q507 79 36.4
AO0A286Q4Y6 9.8 23.5
TIEDNO 4.8 57.1
T1FMP1 7.8 39.4
T1EMO3 8.4 17.9
AOA286Q4T1 9.7 16.3
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Type of protein Name of protein

Accession No.  Isoelectric point ~ Molecular weight/kD

Cytoskeleton protein  Tubulin beta chain
Actin (fragment)

Cytoplasmic actin

Hau—cytoplasmic intermediate filament 3 (fragment)

Hau—cytoplasmic intermediate filament 8 (fragment)

Myosin heavy chain (fragment)
Binding protein Calmodulin
Calreticulin
Spectrin beta chain
Transgelin
Filamin

EF-hand domain—containing protein

Calponin homology (CH) domain—containing protein

Myosin_tail_1 domain—containing protein
PDZ domain—containing protein

ML domain—containing protein

WSD domain-containing protein

STAS domain—containing protein

Heat shock protein HSP83
HSP90

Other protein Prohibitin
Histone H2A

Gliarin (intermediate filament protein)
Elongation factor 1 alpha (fragment)
Uncharacterized Uncharacterized protein

protein

TIFNQ3 4.9 50.3
076950 5.6 414
02LDZ8 55 417
G5DCY9 52 39.4
G5DCZ4 5.1 38.3

AOAG6GTMAK2 6.7 322
Q9GRI1 42 16.8
AT1YBO6 47 49.4
TIED35 53 266.4
TIFWA9 7.9 523
Q6TY53 6.3 409.2
T1G2B6 46 16.4
TIFFGO 8.4 18.0
TIECZS8 5.8 101.7
TIELEO 8.0 19.5
TIF117 8.3 25.1
TIFHZO 8.0 12.8
TIFW33 8.4 98.7

AOASA2HCVS 5.1 82.8

AOASA2HEK] 5.0 91.3
TIFM79 54 29.9
TIEK33 10.6 9.7
QXYD8 55 71.3
061256 75 412
E51356 8.8 212
TIFME? 55 418
TIEDJ2 53 73.1
TIFZTO 46 324
TIFNQO 5.6 70.6
TIFNAO 5.6 74.5
TIFPQ2 6.4 235
TIFMMO 47 33.8
TIFNP2 6.6 394
TIFBLY 5.1 25.8
TIELT2 46 16.4
TIEPE7 49 15.2
TIELUS 52 279.5
TIFDI4 8.9 342
TIFNN2 6.2 62.5
TIFZ83 6.3 21.6
TIFMK6 6.8 415
TIEHS6 8.5 96.9
TIF730 5.0 93.1
TIFZPI 6.9 24.6
TIEUQ6 9.4 223
TIEUG4 6.8 273
TIFE37 55 59.6
TIFKI3 10.0 224
TIFT21 54 75.8
TIEY76 5.1 578.0
TIFCG2 8.8 114.0

3.2 EERITEEE N AYIE RS AE

TR ERERIA, A ZAS, nadEsghl, —4F
PUZRAR AT 7 A B, 332 XA 7 O (7R 7 R
Akl A A AR AR N AR X AR, =1
ARAAN ] S s =2 ) AR BN AR T X, L

Z B S B A S AR,

] 3 B S T RE AR X L T AN
P A AT AN T i B P S LA sl 336 s 6 D8 o
TR E A TOURE o B 2 ZRb DAL AN T Wt e
FHAM B 15 2, X AEAR RAR BE L ] sl 6 Wit 5%
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Table 5 Basic information on the cocoons of 8 leech species
Characteristic . . ) ) . .
S. wulingensis H. hainana H. nipponia W. pigra

of cocoon

Spawning site Cave ceilings

surface or soil crevices

Morphological

Structure layer (consists of bowl—shaped cells which form pentagonal
or hexagonal shapes, with walls between the cells). The
inner wall of the cocoon is wrapped in protein solution, and
the fertilized egg is suspended in it

Colour White—pale Translucent—tan

191

yellow—tawny or coffee color

Average length

Hay clump base, soil

Outer wall of the cocoon contains foam layer—honeycomb

In dry and moist, In the ridge of
the field”

Outer wall of cocoon contains soap foam layer—honeycomb

(1 relatively soft soil”

layer or sponge layer (consists of short columns of
pentagonal or hexagonal shape). Fertilized eggs are
suspended in the proteinaceous fluid of the inner wall of
the egg cocoon®

Sugar—cane purple— Orange

[15]

maroon—grape red” yellow—tawny

and short 10.80, 8.32 13.50, 11.25" 11.10, 8.10" 26.60, 18.70
diameter/mm
Average weight/g 0.14 0.18™ 0.11" 1.771"
Characteristic
aractensie 0. blanchardi E. luguensis P. olivacea P. ornata

of cocoon

In the ridge of Under the
the field” rock®

Smooth surface, no

Spawning site

Morphological
spongy layer, oval shape®

Dark brown”

Structure

Colour

ellowish brown or tan

Average length
9.60, 6.50”

and short
diameter/mm

Average weight/g

Smooth surface, no

spongy layer, oval shape®

7.52, 5.48"

Adhering to water plants Attached to the ventral

¥l surface of the parental body"”

Sheath-like

191

or rocks
Oval shape!”

mucous sac

Yellow—white-burnt yellow— — —

1.30, 0.80™ -

AR Z A K 04 R

“«__ . .
Note: “—" means no relevant information.

/NEL B BREF AT S e R AT IRAT B o
HhOX B ARG B BRI A2,
TE B 23 1 BB 0 A T W A 4 P EL
A1 A A DU S 4 1, JX R BN B B9 3 AT
PR H A TR AR SRS, IR 4l A B
SRR S, AEMSAR DR T R 3 Wi 8, S T A
Sy EIRIBIR, AERF A R AT ZH 2

G HOBE S )R, SNE TR B TCIR,
T I A2 B R, X AN AT 3 22 1) 2= SRR AE
SR JA R, i BRI BN K SR BREE, DUA] TR
NEAT, R ORI IERIE I, T N2 HEANZ Y
e RS S BB, X B A A R AL T
SERFRYORI . AP, TR DN P R A S i D, T
AR R TR AR E AR, KOG A
BT I BE SRR

ASBISE A T 0 B 2R LA I 1 17 Aok
R TR AN 11 Fhiy B AL, b iy B S 2L TR
R R (R 2~3), DA IR I s h 1 22
PAZE S SHIEAAATE . TERIMEIL T, =R 7]
il - IR, TR A T iR P RS S =

FRIRIEIN, F RN AR ] i 2
fik CFR N CLTERH TG A, T 219 £ R N 2L E 4T 8 A
SRR S 2SR5 i S A %) = e (R 4 )
AR R e R AR =R A U AR,
A RIS PR SR I B 2 A R,
AAIEGE I iz I 5 B 2 S 68 AR
[T (3 4), i A (ISP ER R AUk
YIEALRS) B RRIGTER, HAPrEfiEtE, sefid
TR e S A PRI B Y 22 Fh i
KReEM IR kK B i B R EZAEA, i 2-
WA TR — D — H T R 7K A 1 . 3 ol TR i B ot L it
TWE - R 46 1 S 5 MR, SR M A
25 = RRIRIGIAE o IR P B A0 B 208 1 (R
LA R )2 40 R A
U Gr, B ERR AN MR A S5 F i T Rg, Tl 4
Mo AP YTy, A5 32 2|2 FEHLAEAE R 9455
E,JEAh, FERE A B ME A RI EF-hand 45
MEA S W& 456, BA 5 FHETEE, 7]
R A0 B P A RS B A M O T4 2 R A 2Rt
TR, Y2256 e S5 2 A Ul EC AR BAE A,
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A AR ST JESZ AR R A2 AR A%
YRR, PR FE R TR R ) RS T i R 1 o
S, I HAR S 5 S ] SN A A L A T
PP A AR R TR e S A il T A R A
TPy T AP T AR R, B ZE P T 1A
AMLBBAESEHCE GTP 2L WE t(RNA 5K A
Mg, T HEZ 5555 0T d0HE e
AT 2 R A AR, AR, PR rhix st
IR A 9 85 (A o 3L [ e 5 2 0 B0 1 AR K &
B, AR S (A R

B2, TS RIE S, R 24, T
B AR S B X 7 A AR IR A I PR AE, B
R TR R AR AR 22 i O I T, (E45
RARGIIWIIE

Bigt: ForTARB R, AR H D EE RA
B R X TAEA R IEARR R 2B A0 5 Bl
FI- AN, FFE)E AR FH XA L L HFFL
FF By 73 A M) 4R B MR A A PR B) 69 A Bh; 3k
SAEG A, AFE] R R I AR e A
FF, EIb— B B RIS
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