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Compar ative study of the ultrastructure and chemical compaosition of the
mandibular gland of male Camponotusjaponicus Mayr at different ages
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Abstract [Objectives] To investigate the potential function of the mandibular gland of male Camponotus japonicus Mayr,
which have the most developed mandibular glands among all castes of this species. [Methods] The morphology, surface
ultrastructure and internal characteristics of secretory cells of the mandibular glands of male ants at different ages were
observed using a light microscope (LM), a scanning electron microscope (SEM) and a transmission electron microscope
(TEM). Volatile mandibular gland secretions were extracted with n-hexane and analyzed using gas chromatography-mass
spectrometry (GC-MS). [Results] (1) The mandibular glands of males consist of a cluster of secretory cells and a reservoir.
Each cluster of secretory cells contains a secretory cell and a conducting cell. The total length of the mandibular gland,

reservoir length and the diameter of secretory cells, were largest in the 1st month after eclosion. Secretory cells were initially
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moist, full and smooth, but became progressively less so as males aged. (2) The cytoplasm of secretory cells contains a lot of

organelles, such as mitochondria, endoplasmic reticulum, Golgi apparatus, lipid droplets, other granular secretions and

developed end apparatus. From the 1st to 4th month after eclosion, secretory cells have a low density of secretory granules,

secretory vesicles gradually become more abundant and mitochondria surround the nucleus and microvilli. From the 8th to 9th

month after eclosion, mitochondria become scattered among the nucleus, microvilli and secretory granules, the density of

secretory granules increases, secretory vesicles disappear, and the cells began to disintegrate. (3) GC-MS analysis indicates

that the least quantity of secretions was emitted during the 3rd month after eclosion and the most during the 9th month. A total

of 23 volatile chemical components were identified, of which 2-hydroxy-6-methylbenzoate, Methyl anthranilate and

(-)-Mellein were the most common in each period. The relative amounts of these three chemicals varied with age. [Conclusion]

The secretory activity of the mandibular gland of male C. japonicus is highest in the initial stage of emergence, and gradually

decreases with age. Determining the biological function of the chemicals secreted requires further investigation.

Key words social insects; mandibular gland; exocrine glands; ultrastructure; chemical communication

I i i H Hymenoptera B} Formicidae
R EERR, et fbic st otk R, [H
FiF A A2 il b 2R S R GE AP RN B e o T
SYIZERE, A Ak AR R A 2 20 21
(RBFEHERE, 1995 ), i 77l i 4> B (5053
WARRRE B BRI = & I A5 B, A A
ZRIA RIS, RERBFNAT . R, R
FPBIRS RIS, RIERES . i, A
PR 5 | % FZE )1 ( Holldobler and Wilson, 1990 ).

A AR R N &I 84 Fh b o Wb ik
(Billen, 2015), A5/RWrA i oh 531 B v 48
(Billenetal., 2015; Xuetal., 2021 ), K&
588 W A1 73 W0 i A8 T 285 R 3 A 78 05 I 32 S A
[ ASAEAR TS, [ B o B A IR 285 | S o1k
55 843 TSR 7 AR A8 450 Rk 2= ) o 41
BT 25 5, AR FEAS R D) fE ( Hughes
etal., 2001; Torres et al., 2001; Wood et al.,
2002 ; Francelino et al., 2006 ; Niculita et al.,2007;
Billen and Al-Khalifa, 2018; Briickner et al.,
2018 ) b SRS M WK A FEE A Ao, Al
G AR RIRE I Z A2 T, AE TR D
FEEAEERPGHIIEE ( Wilson and Regnier,
1971; Blumetal., 1971), i MR Hy e iy
hZ 5VEE R RN R %Y (Brand etal.,
1973; Topoff and Greenberg, 2008 ), 1A 5%
RIS SRR A A 23 B A TR
Je AU (R 3G g e AR AR B AR AL, — i IR
IS FRAEE 2 IH R I H( Brough, 1977; Boonen
etal., 2013),

H 7 5 % 1. Camponotus japonicus A 5 1 i
J& AR R RS, AR i Fh,
HAEEE G . ARSI ( EERARRE,
1992 ), JUHAZFN Y WAFAE B W R /94T R 2 8
R AC IS, AFEIUT . R MERC R
KTIHNTBOUA G, it A
AR (PRSI, 19865 THALFIRG R
2, 1986; S IR AIFH AR, 1995 ; 15 SCHISE, 2005 ),
Mty F LIRS 54, — AR B AR
Ml A, (HRTE H AR S 3, s T
FRAEREE 8 A A A, B4R 5-7
AA BT RACHE, SRJFFET:, X 5 HAth i d e
KW WAF (RBEFEFR, 1995; @& 3CHES,
2005 ), KT HA S A3 R 5% H i3
SEWG RS [ it B SR ) L L DR e 2 5
R RIS B Ak 2 o b (KA %, 2016;
Zhou et al., 2018 ), JTHIXS HA A h Ay Sk
RPEAT U BTE 2R R B T IS5 TR
FUT SR 7% 89 PS8 B9 /N IR AR —— )5 % 3 i
( Postmentum base gland ) A1 T i 4% 75 %& fif
( Stipes base gland ) ( Xu et al., 2021), [[IEf%
b SRR A M Bk A3k o A A R
HAb 2R 5-10 fi5 (Xuetal., 2023 ), XEKE
SRR HAS 5 WO A2 i T A4
R EEAVER o AR AFERERO 3R B 22 S T [E]
KI5 10 M HMEHEIE, FEFES g m, =k
SRRITEAS | BTG A3 WA i 53 25 77 A (B
AR AR H, SR 5 S TR Sh A A DA IR
A5



53] FIREEE A AR H A S 8 IO I SN I b A8 S A2 o LTS

+ 1509 -

PRI, AR SCLAPIE W 01 22 0§ A T if 1) A
RBFFERT S, R B ( Light microscope,
LM ). ¥ F 2 5 ( Scanning electron
SEM ) & G4F i 7 W B

( Transmission electron microscope, TEM ) WX
H 2% 55 8 WOAS [R)AF % e i SRR AR 2 L
Tl Ay, AT AR B3 - 638 36 20 A R

( GC-MS )W 1 S o I 428 5 1 i o3 7
AR P B2, B R AR AER H
AR 55 WOREL T 50 45 R A Ak 27 o 1 728 A R
AR AN ASCA 3 WA R 1 B 8 S A T
e 205 A

1 #MREFEZE

11 BFESERRK. AFRREFERES

FEREPE A i X, T 2020 4F 9 H MEFA1
SR UL H A 5 15 O 3 A4S, A [l S
F I EOR HURIE S K RIS B 7 AN ERF ] (2
EOHI0A. 1A, 12 AMBGE3 A, 4 4.
57 ) BUREfRR LSRR, dEATRRMAIEAS . R
F8 B A4 A3 3 BT o X I T It B R A7 3 1 e
i), KX 7 AN]SR AR 2 A 10 A i
P 1, 2.3, 4.7, 8. 91 H,

1.2 _LSHBRFEH

SeBHERCE T - 20 CUKAR T2 10 min
HS Rk ) T DO Sk, BT R M
PG (#5751 : NaCl 7.05 g, KC110.35 g, CaCl,
0.21 g, NaHCO50.25 g, A 1 L Z&IB/KEM )
PEEFR LA AR 58 ( SMZ 1500, Nikon )
TN SR R, B TERA 2.5%K
TEEFEW (pH=7.2) M 1.5 mL BE.0E%,
TR S tat WA AR, LI e 148 8 s 5
Bl
1.3 FHRBGAESEEBMEHNE
1.31 SEEME  7E Nikon SMZ 1500 1440 i {3k
5T WLEEAT AN R AR W A L 50 i A 5
TEAR TN, I AR S A e K
ASCRBER 5 M

microscope ,

132 HFFEHBERERNE s e L5
PR BEA 2.5 %X —BEE W (pH=7.2) 1Y
1.5 mL E.08 T, BUE T 4 CUKFRRIE 12 h;
ZINCN I A R [ R W, B PBS 22 3 0.1 mol/L,
pH=7.2 ) MPERESL 4 YR, BRIK 10 min; 285 35
I 30%. 50%. 70%. 80%. 90% <. FEXIAEE A
FERR K, AEEE 15 min, FT 100%2 EEl K
3K, BHR 30 min; /K JG7E CO, I A3 T T4
PSR SRS TR A SRR & L, B
MG (E-1045 &Y, HA Hitachi AH] ) Bi4:,
B Ja7E A L B (S-3400 AU, H A Hitachi A #] )
TR SORETITARR . REA ISR 3
133 EHHEHERME KA L5
PR A B 2.5%I% B2 (pH=7.2) 1Y
1.5mL BEOEY, BET 4 CUlKEhRarED
12 h; W e, ] PBS ZE ik (0.1 mol/L,
pH=7.2 ) W¥EFES 5K, BK 20 min; 7F 1%k
RV v P [ 52 2 h, ] PBS 2 0Pl e ke i 5 1R,
AFYR 20 min; 2350 30%. 50%. 70%. 80%.
90% Mk & L BEEXTAE A HEA TR EE K, B B
15 min, FEH 100%ZEEBK 3 ¥k, BK 30 min;
SRIGMRIR UL B 5355 LR-White 3 : 1 (4 h ),
1:1(8h), 1:3(12h), 3:1(4h), 4lifui#
(24 h) WWEDEE S IHEATBIE; BB IR
i B TR s e, T 60 CCHEA
IR A 48h., A E Y L ( LKB2088
microtome, %[ Leica 2 ) FiRES I AL 70 nm
JIENER e R R ) D £ 1l 5 T ) || Y 98¢
AT PR B A T R €8, 76 THR AR v T
JEAEE S B N (HT-7700 %, HZ Hitachi 24
CIDRVE SiEiE)
1.34 HMEEEY R B ESHEERAEITE,
PR ) S A 7 31 3 R 2R BT K, g
AR AE IR E ARG (Araldite ) o1, FE#B
YIR#HL (EM UC6 #Y, fE[E Leica A7) T H4
MG PRI 1 um A28 -, A H 3
WEXTU) F #EA T Y, AR WAUEE T SR L SR
TE SR o3 A or B B IRTEAS

L EHIEET R, HiHE S % Wang 5
(2019) WIFE %, BB SO Y RS



+ 1510 -

o B 3244 Chinese Journal of Applied Entomology 60 %

% Billen %( 2016 ) & Billen I Al-Khalifa( 2018 )
AR i

1.4 GC-MS4#r

P R 2 A B SUIRAE I — A S
i, ANJEAT 50 uL IEC e SERER T, =R T
AHC2 h, FHERHR S L SRR S R R A
- 80 CUKFH T IRAFE ], BAFERRBTEB 9 M
S (RABEREIR 3 M), JFHIEC S
YE R 28 FA IR

TE S 8 3% ¢ TRACE 1310 ( Thermo
Scientific, Waltham, MA, USA) b7 iR
FEAALSA I 30T . A5 AE DB-5MS (30 m x
0.25 mm x 0.25 um) , H 3RS TriPlus RSH
Autosampler, Xcalibur 2.2 B4 AY 1SQ HAPY
RFEAL . DR 300 °C, 43 R
50 mL/min, #ACH LR (99.999% ) , #
SORPE 1.0 mL/min, EIH 6 IEAIRE 40 CIREE

2 min, LA 8 °C/min F}Z&E 320 °CA#FF 5 min,
2 DR AN ES FURIR Y 280 °C, A4
JEF 45-500 m/z, BTSN BI B
PRI E TR MBS A, SR N TR I
NISTOS FrifiER Rt ; S Mzs X dnk:
FRBUEIRE M=A A TR A AR A 53 &
i, RIS, Hd, M R
i A AR AR S | BRI, A
SRR § T AR, Ag REARE R | 1Y
FITAT 0T AR (27T, 2020 ). Hdiin FH SPSS.26
BAF (IBM, USA)EATHZR 5 25041, R H
Duncan’s # & W2k 7 2 HE L (P<0.05 ),

2 HREHH

21 #W FSHREAEMEREES

MG SE R DY = UL R nl AR Y, 5
R TSR, 5 LA, O e (181 1.

B 1 BASHEWHEL ESFRERES
Fig. 1 Thegeneral morphology of mandibular gland in Camponotus japonicus males

A, HEBCKEEEE ; B, MERCKIHEIE s C. PMEER 1A S
D. PES 9 AR BSiR. M: B R: f#fF%; SC: AMIBAIEAIT,
A. Cross-section through a male’s head; B. Longitudinal-section through a male’s head; C. Mandibular gland at 1st month
after eclosion; D. Mandibular gland at 9th month after eclosion. M: Mandibular; R: Reservoir; SC: Secretory cell units.
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Fig. 2 Scanning electron microscopy of secretory cells of mandibular gland in males at different ages
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C. PEH 2 H; D. B 74H; E PMEHE 8 A F P 94N H.
A. Scanning electron microscopy of mandibular glands, the upper arrow is the reservoir, and the lower arrow is the

secretory cell; B. The 1st month after eclosion; C. The 2nd month after eclosion; D. The 7th month after eclosion;
E. The 8th month after eclosion; F. The 9th month after eclosion.
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Fig. 3 Variation trend of secretory cell diameter of
male mandibular gland at different ages
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Fig. 4 Ultrastructure of mandibular gland of Camponotus japonicus males

A, REBREABERE K AR I B2 s B-E. Sr WAA0 M rh A & S 4 WA 405 1l F-L. AS[RI4E IS
CormlPAEss 10 20 3. 4. 7. 8. 9D ) HEML BB -0 ML B IEE M . Ct: MBUZ; GA: R/REEA;
SER: M IMFEM; REA: KIEABM; SG: /MK SV JMBBE; L1 R4 ;

Mt: RKi{f; EA: KunZhte; Mv: fZ0E; Nu: 400E8%; Tr. S%; DC: T4,

A. Wrinkled reservoir wall, lined with thin cuticle; B-E. Details of organelles and secretions in secretory cells; F-L.
Ultrastructure of secretory cells of mandibular gland of males at different ages. Ct: Cuticle; GA: Golgi apparatus;
SER: Smooth endoplasmic reticulum; RER: Rough endoplasmic rreticulum; SG: Secretion granule;

SV: Secretory vesicle; Li: Lamellar inclusions; Mt: Mitochondria; EA: End apparatus; Mv: Microvilli;

Nu: Nucleus; V: Vacuolation; Tr: Trachea; DC: Duct cells.
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Fig. 5 Variation trend of secretion granule

diameter of secretory cells of male mandibular
gland at different ages
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